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Echinoidea.

II

Th. Mortensen,

As
in the Introduction to Part I of the Ingolf -Echinoidea I have the agreeable duty to tender

my best thanks to several Colleagues, who have assisted me by sending material or otherwise.

I beg to offer my sincerest thanks to "Dr. F. A. Bather, Professor F. Jeffr. Bell, Prof. C. Chun, Prof.

L. D cider lei n, Dr. R. Fourtau, Prof. L. Joubin, Prof. R. Koehler, Dr. J. Lambert, Prof.

H. Ludwig, Prof. E. v. Marenzeller, Dr. J. C H. de Meijere, Dr. M. Meissner, Prof. G. Pfeffer,

Prof. R. Rath bun. Miss M. J. Rath bun, Prof. Hj. Theel, Prof. A. E. Verrill, Prof. M. Weber. I

am especially indebted to Professor Doderleiu for sending me the proof sheets of his great work on

the Echinoidea of the German Deep-Sea Expedition and thus enabling me to use this work, before it

was published.
-- Of material importance for my study of the irregular Echinoids have been repeated

visits to the British Museum, where Professor F. Jeffr. Bell with his usual great liberality gave me

access to the extremely important collection of Echinoidea from the Challenger -Expedition as well

as the other extensive collections of Echinoids in this Museum. Further, it was of the highest impor-

tance for me that I was, through the liberal grant of the Carlsberg Fund, enabled to visit those

North American Museums in which more considerable collections of Echinoidea are preserved. It was,

of course, rather a great disappointment for me that I could not get permission to make any studies

of the large and extremely important collections in the Museum of Comparative Zoology at Harvard

College; but, fortunately, I found in the U. S. National Museum, where I met the greatest liberality

from Professor R. Rath bun and Miss M. J. Rathbun, almost all the types which I wanted especiallv

to study; and the study of the rich collections from the Albatross preserved there also gave many

important results. Likewise I had occasion to make several important observations in the Peabody

Museum, Vale College, where Professor A. E. Verrill most liberally gave me access to the whole

collection of the Museum.

Copenhagen, February 1907.

The Author.

The In^oIf-ExpedTtton. IV.
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Introduction.

Since the publication of the first Part of this work I1903I three great and highly important

works on Echinoids have been published, viz. De Meijere: Die Echinoidea der Siboga-Expedition

(1904. Siboga-Expeditie. XLIII), A. Agassiz: The Pananric Deep-Sea Echini (1904. Mem. Mus. Comp.

Zool. XXXli and L. Doderlein: Die Echinoiden der dentschen Tiefsee-Expedition (1906. Deutsche

Tiefsee-Exped. 1898-99. Bd. V). De Meijere and Doderlein agree with me upon the whole in the

views on the classification of the regular Echinoids and on the systematic importance of pedicellariie

and spicules set forth by me in the first part of this work and in my work on the Echinoidea |I) of

the Danish Expedition to Siam 1899— 1900 (Mem. Acad. Roy. d. Sc. et d. Lettres de Danemark. 7. Ser. I.

1904). De Meijere only reserves his opinion as to my classification of the Cidarids, though recognizing

the importance of the differences in the structure of the pedicellariie made known by me; his objec-

tions that my diagnoses of the genera do not correspond with some of his new species and that my

classification leads to a great dismemberment of the system, I have replied to in my paper On some

Echinothurids from Japan and the Indian Ocean (Ann. Xat. Hist. Ser. 7. Vol. XIV. 1904. p. 91
—

92).

Doderlein after most careful and extensive researches states the general correctness of my views,

though, as might be expected from his somewhat better material, he has been able to improve the classi-

fication in several respects. Above all his results as regards the classification of the ( 'idarida are highly

important, and his arrangement of this family will doubtless prove correct, in any case for the very

largest part of it; upon the whole, I think, Doderlein is quite right in the several corrections of my

arrangement of genera and species of the regular Echinoids, though on this occasion I cannot enter

on a further discussion thereof. (I must, however, reserve my opinion as to Doderlein' s views of the

species of Sterechinus, till I have made reuewed studies on this group, which I intend to undertake

in the works on the Echinoidea of the German and the Swedish South Polar Expeditions). On this

occasion I can only express my admiration for the very clear and sound way in which Professor

Doderlein in his Introduction sets forth the signification of such structures as the pedicellarise in

the classification of Echinoids and meets the different objections which have been or might be made

against this use of them.

In marked contrast to these two authors Professor A. Agassiz practically rejects all my results,

and expresses his contrary opinions in a way that seems to me not justified even by so great a renown

as his. The objections set forth by the famous author I do not find very strong, except as regards

the way in which they are expressed; but, of course, any criticism by so eminent an authority on the

Echinoidea demands a careful and detailed consideration. It was my intention to publish a reply to

the more personal criticisms of Professor Agassiz as a separate paper in some Periodical; but though

I might well be entitled to have published in some American Journal a defence against an unjust
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accusation of gratuitous misrepresentation of facts set forth in one of the most prominent American

Periodicals by one of the most famous American Naturalists, I could not succeed in getting it pub-

lished and I must therefore publish the necessary remarks here.

In the introduction to his memoir Professor A gas si z states that I show but little appreciation of

the work of my predecessors, and De Meijere is included under this accusation, since he agrees with

me in regarding the minute microscopical structures of pedicellariae and spicules as of considerable

importance for classification. Dr. Mortensen, says Professor Agassiz, practically rejects all the work

of his predecessors and challenges it as worthless because it is not based upon his methods for the

solution of all Echinological problems. Dike all classifications based upon a single character the results

obtained culminate in such impossible associations that we are loath to follow his lead. — I must

protest against the temper and style of criticism adopted by Dr. Mortensen ;
even if he were right,

his assumption of omniscience is offensive to the utmost, and his personal remarks are entirely out

of place in a scientific memoir. He concludes these very unrestrained remarks with the following

quotation from a newspaper: The results should diminish the patronizing certainty of knowing it all

which distinguishes Dr. Mortensen's work, and forbids us, his predecessors, to discuss matters of which

we must be in the nature of the case, wholly ignorant.

First, as regards the temper and style of my criticism, I must confess my deep regret at having

been so unhappy in my mode of expression. I always had and will have a very great respect for the

author of that immense work The Revision of Echini
,
which must always remain the basis for the

study of recent Echinoidea, even though its classification may prove untenable and the descriptions

of genera and species more or less unsatisfactory. When my examination of the original material in

the British Museum led me to publish several corrections of the same author's Report on the Chal-

lenger -Echinoidea, I always endeavoured to give them in the simplest way, stating only the facts

without comment or reproach, but, I confess, also without praise. This procedure, dictated though it

was by my respect for the author of the Revision of Echini*, has had the unfortunate result that Pro-

fessor Agassiz has taken it as an offensive assumption of omniscience; for it is, of course, unreasonable

to suppose that the eminent author has been tempted to ascribe offensiveness to the mere demonstra-

tion of errors. Once again, I repeat my deep regret at this result and can only state that I tried my best

to avoid expressions which could be regarded as offensive. If I have been unsuccessful in this respect,

that may perhaps be partly ascribed to the circumstance that my work has been translated from Da-

nish, in which language it was written by me. Probably I may not be quite aware of the full significance

of all the English expressions used, so that more may sometimes have been said than I have meant

to say.
— That the errors found out had to be corrected, I think, everybody will agree; in any case

I deem it the unconditional duty of every scientist to correct anv erroneous statements he detects in

literature, to prevent their going on and on in future literature, causing error on error, which will

especially be the case with such statements occurring in the works of so famous an authority as

Professor Agassiz.

As for the work of my predecessors, when Professor Agassiz states that I practically reject the

whole of it, challenging it as worthless, because it is not based upon my methods for the solution

nl all echinological problems,* I venture to think that he does not do me justice. vSetting aside for
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the moment the famous Report on the Challenger -Echinoidea, surely Professor A gas siz has observed

that I regard, for instance, Wyville Thomson's work on the Porcupine -Echinoidea as one of the

very best ever published on the recent forms, and that I have the most profound respect for Professoi

Doderlein's great work on the Cidarids, for the works of Professor Koehler, and for many others

whom I might name. That I do not agree with these authors in all points, is far from implying a

slight appreciation of their work. As for challenging it all as worthless because it is not based upon

my (his) methods for the solution of all Kchinological problems , can it really be necessary for me to

express ray conviction that any accurate and careful scientific research retains its worth, whatever

method has been used? — If it be found, however, that some structure like the pedicellarise is emi-

nently important for classification, then consequently no species of which the test only has been de-

scribed ihowever perfect that description may be| can be assigned to its definite position in the system

before that special structure has been made known. This logical conclusion is far from being that

implied by Professor Agassi z in the following remark (Op. cit p. 19): The height of absurdity is finally

readied when we are told that nothing can be said of the affinities of species of which pedicellariie

have not been examined (by him). The word nothing? as used by me, when taken in reasonable

connection with the context, is seen to mean that one cannot say with certainty to which genus such

a species belongs, e. g. Goniocidaris Doderletni (Part I. p. 28) or Asthenosoma longispinum (Ibid. p. 50),

and in such places I have added the words with certainty. That in any case my proviso applies

only to those families in which pedieellariae are of prominent systematic importance should be self-

evident, but it may not be superfluous to state the fact explicitly here. For the rest Professor Agassi z

will probably himself admit that he was not justified in designating as an absurdity my view that

species, whose most important systematic characters are unknown, cannot be assigned to their true

position, seeing that Professor Doderlein, whom both Agassiz and I honour with the highest ap-

preciation for his profound and elaborate works, now also puts aside as incerta sedis such species as

Dorocidaris panamensis A. Ag. and Porocidaris Sharreri A. Ag. on account of their pedicellariae being

unknown, though they are otherwise verv carefully described. (P^chinoiden d. deutsch. Tiefsee-

Exped. p. 103.)

To turn to my personal remarks, which are characterised as being entirely out of place in a

scientific memoir , I have already stated that I avoided personalities as far as possible, and in the

whole of my work I can recall only two remarks to which Professor Agassiz might object on such

grounds. The study of the Challenger Echinoids preserved in the British Museum has shown me that

Professor Agassiz has in several cases put one or more notes of interrogation mi the labels in the jars,

but has omitted to mention in the text that the identification was doubtful. Without seeing the labels

no one would imagine that the published statements are really doubtful. They appear in the work

as certain facts and as such have been quoted by other authors with the consequent multiplication of

insecurely based conclusions. On this subject I observed: this way of proceeding is very objectionable ,

and on p. 58: it cannot be considered to be correct to figure details of a specimen, referred with doubt

to some species, without any reservation under the name of that species. I do not think these remarks

out of place, where such facts are pointed out; but it is evidently these small reflections which have

caused the above-cited remark of Professor Agassiz, as well as the following: Having stated in one
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part of the Challenger -Report that I considered some young specimens from Stations 184 and 219

as perhaps not belonging to A(sthenosoma) gracilis. I am corrected for not repeating this every time

I mention A. gracilis ! (Op. cit. p. 84) and (Having made that statement (on A. gracile) I am taken

to task by Dr. Mortensen for having made a statement in one place and not having repeated it some-

where else (Op. cit p. 105).
— Again Professor Agassiz writes: I have no donbt that in the mass of

material collected by the Challenger which passed through my hands I must have failed to distin-

guish all the species. I was frequently in doubt as to the identification of certain specimens. That

donbt was usually indicated on the labels accompanying them, but Dr. Mortensen has no words to

express his horror at snch a proceeding (Op. cit. p. 85). In the place to which Professor Agassiz

refers here ( Ingolf -Ech. p. 57) 1 have said: on the label was found a point of interrogation but of

this doubt nothing is said in the text and St. 272 is given without any reservation as a localitv of

Phormosoma tenue . That is all. - - It is really too bad to credit me with such folly as to object to

the marking of one's doubt 011 the labels when the identification of the specimens remains doubtful

— a thing which every careful student of Echinoderms knows will occur now and then, especiallv

when the material is not in the best state of preservation. Of course I have never thought of re-

proaching Professor Agassiz for doing this, but I do think that, when the identification is doubtful,

some donbt should be indicated in giving the localities of the species. I hope Professor Agassiz

will pardon me if I venture on a few instances:

Asthenosoma gracile. On p. 90 (Challenger -Echiuoidea) is written: small specimens of Asthe-

nosoma from Stations 184 and 219 are referred to this species with considerable donbt ; on p. 91 are

named the following localities for A. gracile: Stations 219, 200, 184 and 169. In my opinion Stations

184 and 219 ought not to have been mentioned here at all, but, if they were to be mentioned, a note

of interrogation should certainly have been added. Again, it was incorrect to give Station 169 at

tli is place, as may be seen from The Panamic Deep-Sea Echini p. 108, where Professor Agassiz
writes: Among the specimens left at Cambridge, I had occasion to examine a specimen (

A. gracile?)

from Challenger Station 169, and am able to give some details and figures of this specimen, plainly

showing that it is not an Asthenosoma but a new species of Phormosoma allied to Ph. hispidum . It

thus appears that the original identification of this specimen was also doubtful though no hint

of this was given in the text. This apparently trivial point is really one of much importance. By

giving as certain what really is uncertain or even, as Professor Agassiz now admits, quite erroneous,

the species A. gracile has been stated to occur at the Philippines, the Admiralty Islands, East of

Torres Strait and East of New Zealand, at a depth of 150
—1400 fathoms, whereas the species was at

that time really known onlv from the Philippines from a depth of 255 fathoms. (Such erroneous state-

ments are not excused even if it be found later that the species really occurs in such localities and

depths.) In the lists concluding the Challenger Report the bathymetrical distribution of this species

is said on p. 210 to be 150—255 fathoms, while on p. 268 are named Stations 169 (700 fathoms), 184

1 1400 fathoms), 219 (150 fathoms) without any reservation. Any student of geographical distribution

would naturally conclude from these statements that the bathymetrical distribution of A. gracile has

been shown by Professor Agassiz in the Challenger Echinoidea to be from 150 1400 fathoms,

for it can scarcely be expected of such students that they should study the descriptions of all the
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species they arc dealing with, on the chance of finding out that their localities were not given correct!)

in a classical work written by the most celebrated authority.

In the preceding instance, it is true, careful perusal of the text might have raised a doubt in

the mind of the student; hut under Pkormosoma uramts there is nothing said in the text about doubtful

identification. On this case I have written (Parti, p. 58): In the description of Pkormosoma uranm

Agassi/, uses the expression the only specimen collected , but nevertheless puts down for it two

different localities, St. 6 and .St. 78. This riddle I am able to solve. In (the) British Museum a quite

small Echinothurid is found from Chall. St. 78 determined bv Agassi/ as I'h. uranusff On this

basis St. 78 is named without any reservation as a locality of Ph. uramts icomp. Caheria gracilis

and Echinosoma tenue). With regard to this specimen, it is otherwise very badly preserved, and not a

single pedicellaria is kept. It is quite indeterminable, and consequently it cannot be considered to be

correct to figure details of this specimen under the name of Pkormosoma itrun its (without any inter-

rogation), as has been done by Agassiz (Chall. Ech. PI. XVIII. c. fig. 12). I think it cannot be denied

that my remark is quite true and very moderate and not entirely out of place. Hut I might have

added that by this incorrect mention of Station 78 the bathy metrical distribution of the species becomes

1000—1525 fathoms, as, indeed, is definitely stated in the list on p. 311, whereas the species was then

really known only from a depth of 1525 fathoms. — Since I merely wish here to justify my personal re-

marks I will not in this place allude to further instances of this kind to be found in the Report on the

Challenger- Echinoidea, but I cannot pass from this subject without suggesting that the personal remarks

of Professor Agassi/, while not more moderate in their expression, are perhaps more out of place than mine.

To pass to another criticism by Professor Agassi/ (Panamic Deep-Sea Echini p. 18): Dr. Morten-

sen harps on the fact that a great main- species of Cidaris as well as other Echinoids have been proved

by him to belong to other genera than those to which they were referred by others, and thus he

constantly finds a fine demonstration of the trustworthiness of the statements hitherto found in the

literature with regard to the occurrence and distribution of these animals! Once given his genera,

the rest naturally follows, and we have nothing left of what has preceded. This again might seem

very foolish in me, but the facts are really not quite those that might be inferred from this remark bv

Professor Agassi/. What I actually wrote in this connection is as follows (Parti, p. 171
—

172); Thus

I have established the fact that no less than 8 different species, of which, moreover, only one belongs

to the genus Dorocidaris, have in the literature been wrongly referred to D. papillata, viz. Dorocidnns

iiitdn. Tretocidaris annulata, spinosa, Cidaris affinis, baculosa and another Cidaris-speaes (Chall. St. 204),

Stereocidoris Lorioli and another Sfcrcoadaris-species (Chall. St. 310)
- a fine demonstration of the

trustworthiness of the statements hitherto found in the literature etc. It will, I hope, be conceded that

this remark is not quite so foolish as would appear from Professor Agassi/' presentation of it. The

main thing in systematic reports, lists of collections etc. is, so far as I can see, the right identification

of the species; whether the species be referred to one genus or another is thus far of secondarv

importance and may be a matter of discussion among specialists. But the species are the units with

which science has to work. Wrong identifications of species must cause all later work, founded on

these identifications to be erroneous and, indeed, lost labour. As I have found that 8 different species

had been wrongly mentioned in literature under the name of Dorocidaris papillata, I thought and still



8 ECHINOIDEA. II.

think my remark on the trustworthiness of such statements quite justified. If I had made that remark

on account of the species Dorocidaris papillata having been referred to different genera, the above

cited remark of Professor Agassiz would have been justified; but the case is really quite the reverse.

It may not be superfluous to state that in consequence of the erroneous determinations in the case

cited above of Dorocidaris papillata, this species is stated to occur at L,a Plata, the Philippines and

in the Red Sea, whereas it is really known only from the Northern Atlantic (as far south as St. Paul

rocks i and the Mediterranean. — A few other instances may be given:

Echinus norvegicus is stated (Chall. Echini p. 1171 to have been taken by the Challenger at

Cape Cod (St. 46 and 47), off the West coast of Patagonia (St. 308) and off Japan (St. 232 and 235). The

alleged occurrence at Patagonia has proved of particular importance, causing this species to be ranged

among bipolar animals. Examination of the specimens in the British Museum (except those from

St. 235) gives the following result: The specimens from St. 46 and St. 47 are Echinus affinis, those

from Patagonia (St. 308) are parti v Echinus magellanicus and partly another species of Echinus,

closely allied to Ech. elegans. (My examination does not enable me to state with certainty to which

species the latter belong, but it shows clearly that they are not Echinus norvegicus (== aculus)). The

specimens from St. 232 are probablv Echinus lucidus, certainly not E. norvegicus and it seems a natural

inference that those from St. 235 are not E. norvegicus either. It thus follows that there is not a

single specimen of E. norvegicus among all the specimens referred to that species in the Challenger

Report. Consequently, the almost cosmopolitan distribution of this species and its bipolar nature both

of which have been deduced from the statements of that report can no longer be upheld.

For Temnopleurus Hardwickii the following localities are given in the Challenger Echinoidea

(p. 107): Kobi, Japan; Arafura Sea; off Yokohama and St. 192 (at the Kei Islands). I have examined

all the specimens in the British Museum and found them to be as follows: Kobi — Temnopleurus

toreumaticus\ Arafura Sea --a very young specimen, probably T. toreumattcus; St. 192
— a beautiful

specimen representing a new species of the very interesting genus Opechinus, known hitherto only as

fossil -- one of the most interesting species taken by the Challenger '.
- Thus it is only the speci-

mens from Yokohama which are really T. Hardwickii2
.

The preceding instances are perhaps enough to justify the epithet untrustworthy: as applied

to the older identifications made without microscopical examination of pedicellarise, spicules and other

parts. If further justification is demanded, numerous other instances of wrong identification will be

found pointed out in both parts of this work as well as in the work on the Siam-Echinoidea —
from the works of Professor Agassiz as well as from other, less famous authors.

Professor Agassiz finds it childish to be constantly lamenting, as do Dr.MortenseuandUr.de

Meijere, the loss of a specimen, if examined by the old method, necessary for the examination of the

test, and of the actiual and abactinal systems. Surely we cannot welcome a method which deliberately

saves a specimen in order to remain ignorant of its structure . (Op. cit. p. 19.) I fully agree with Professor

Agassiz that it is the duty of the describer of new or imperfectly known species to elucidate as fully

' This species was described bv me as Opechinus spectabilis in «The Danish Expedition to Siam 1899- 1900. Zoolo-

gical Results. II. Echinoidea. I. Mem. Acad. Sc. Copenhagen. 7. Ser. I. 1904, p. 94. Also, the Pleurechinus variabilis Ddderlein

proved to belong to the genus Upcc/iiiiits,

2 Op. cit. p. 62.
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a-~ possible all the structures known to be of classificatory importance, and Professor Agas si z will, I hope,

recognize that I have done my duty in this respect. If I have characterised some new species mainly

by the structure of their pedicellaria;, this is due to the fact that the specimens, being in the posses-

sion of foreign museums, were not at my full disposal. Moreover, I have established such new species

only when convinced of having made known sufficient characters for their certain recognition. It does,

however, seem to me that any method which enables one to determine the species of a rare specimen

without destroying or damaging it, is to be welcomed. Such a method is presented in main cases,

though certainly not in all, by the study of the pedicellariae; if by adopting this method we can pre-

serve some beautiful or rare specimen undamaged in a Museum, surely the destruction of such a speci-

men would be regrettable. Hence I have cited with approbation the remark of Stewart: that we

may be enabled by the examination of even an ambulacra! tube or pedicellaria etc. to determine a

species without denudation of portions of the corona, which is sometimes not desirable . Apart from

this, even Professor Agassiz will agree, surely, that one may lament the loss of tvpe-specimens

of several of the insufficiently described species of older authors without being stigmatised as childish ;

but I have never lamented the loss of specimens due to the necessary examination of the test; indeed

I fail to see, why the removal of a few spines from the test should involve the loss of the specimen.

Possibly Professor Agassiz has interpreted my occasional use of the word destroy to mean loss, though

my intention was to allude only to the destruction of the beautiful appearance of the specimens.
—

For the rest, I may refer to the remarks of Professor Ddderlein (Op. cit. p. 70) on this question, with

which I fully agree, deun (aueh) ich stehe auf denj Standpunkt. dass ich nur dann eine Art als geniigend

gekennzeichnet ansehe, wenn die alte Methode, die Beschreibung von Schale u. s. w. vereinigt ist mil

der neuen Methode der Beschreibuug der Pedicellarien u. s. w.

I now come to the gravest accusation brought against me by Professor Agassiz, that of gratui-

tous misrepresentation of facts>. On p. 25 (Op. cit.) Professor Agassiz says: Dr. Mortensen names as

Dorocidaris micans specimens of a Cidaris which he received from the U. S. National Museum, Washing-

ton, labelled as Porocidaris Sharreri («Albatross 1885. St. 24151 and also from the U. S. Fish Commis-

sion (Albatross 1885. St. 2345) under the same name. I beg to call Dr. Mortensen's attention to the

fact that the publication of the «Blake Echini dates back to 1883, and that 1 was in no wav con-

cerned in making the collection of the Albatross in 1885, or with the identification of the Echinoids

then collected. Dr. Mortensen's statements ( Ingolf Echinoidea. pp. 22, 231 in regard to Porocidaris

Sharreri are gratuitous misrepresentations of facts .
— My remarks on Porocidaris Sharreri run thus

(loc. cit): Agassiz unfortunately gives no details as to the pedicellarise, and from the figure (op. cit.

PI. Ill) it cannot be decided whether it is a genuine Porocidaris. There seems to be no highly deve-

loped neck on the spines (in the text nothing is said of this feature); the pedicellaria might well look

like those of P. pnrpurata, but a close examination will be necessary for the decision. By the kindness

of Prof. Rathbun I have from (the) l'. S. National Museum received a specimen determined as

P. Sharreri I
Albatross 1875. St 2415); it proved to be the new species Stereocidaris ingolfiana de-

scribed hereafter; it has no relation to P. Sharreri. Further I have in (the) British Museum seen a speci-

men determined as P. Sharreri, from the U. S. Fish Commission (Albatross^ 1885. St. 2345). Neither

seems this specimen to be identical with the real, figured P. Sharreri, at all events it does not to

The Ingolf-Expedition. IV. 2 7
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any striking degree resemble the figure given by Agassiz. It is no Porocidaris .
— Here follows a

description of the pedicellarise and spines of the specimen.
—

Perhaps the specimen of Porocidaris

Sharrcri mentioned bv Agassiz (9. p. 13) which was of a light greenish pink color when alive, the

spines white with a delicate brownish-pink base is identical with the specimen described here -- in

this case this specimen mentioned by Agassiz has certainly not been of the same species as the one

he figures; but this latter must, of course, keep the name of Sharreri. There can be no doubt that

the specimen described here is a new species: whether it is also to be regarded as a new genus, or

belongs to Dorocidaris, can only be decided, when the systematic significance of the spines has been

established. For the present it ought to be classed with Dorocidaris under the name of D. micans u. sp.

Now I really must ask, what is the misrepresentation of which I am accused in this passage? I have

not in the slightest way credited Professor Agassiz with the erroneous determination of the specimens

sent to me from the U. S. National Museum or seen by me in the British Museum ' — and I am

unable to see what else can be the meaning of the accusation. Professor Agassiz also makes a similar

accusation in another case (p. 85): Dr. Mortensen holds me responsible for the identification of speci-

mens of Ph(ormosoma) uranus and Ph. Petersii sent by the Smithsonian (National Museum) to the

Copenhagen Museum and to Professor Koehler. I must repeat again that I know nothing of the speci-

mens collected by the Albatross in the Atlantic after the publication of the Challenger Echini.

I also must repeat again that I have not held or thought of holding Professor Agassiz responsible for the

identification of those specimens, and to this statement everyone must agree who will take the trouble

to read my remarks on this matter (Parti, p. 58
—

59). I beg, therefore, to suggest to Professor Agassiz
that he must have laboured under a misapprehension when accusing me of gratuitous misrepresen-

tation of facts
;
and I hope he will now do me the honour to recognize that, so far from there being

a gratuitous misrepresentation, there was no misrepresentation at all.

Before entering on a discussion of the more detailed criticisms found in the work of Professor

Agassiz I would on general grounds protest against the denunciation of my classification as based

on a single character . On the contrarv, everv effort has been made to do justice to all available

characters. Researches on the classificatory value of the characters found in the different structures

led me to believe that the pedicellariae were of special importance, but I did not beforehand plan that

the classification should be based on those organs, as might be gathered from the following sentence

of Professor Agassiz: Dr. Mortensen planned what he modestly calls a profound
2 and careful at-

tempt at penetrating into the mvsteries of the relationship of the Kchinoids based upon a study of

the pedicellarise . (Op. cit. p. 106.) The continuation of the quotation from my work (p. 3) runs thus: —
and the plan was the simple, but clear one: to let litterature alone for the present, while the animals

were studied thoroughly. Everything had to be examined, that might in any way be supposed to show

systematic characters: the test, the spines, the tube-feet, the pedicellaria;, the spicules, the sphseridue

etc. Anyone who will take the trouble to look at my diagnoses of, for example, the genera of Echi-

1 l may say that in the U. S. National Museum I found a specimen from the -Blake 187S — 79 (No. 151. off

Nevis. 356 fathoms) named Porocidaris Sharreri, which is really Siereocidaris ingolfiana. This specimen has evidently been

identified by Prof. Agassiz and thus proves that he has also made that error, of which I did not accuse him, but which
he so ardently rejects.

Perhaps the word profound has not quite the same meaning as the Danish word igrutldig used in this place;
at least, the Danish word does not sound immodest.



ECHINOIDEA. II.
I I

nothurida and Echinometrida, or better still, to read the chapter <>n the classification of the Diadem-

atids in my paper <>n the Siam-Echinoidea (pp. 40— 56) will recognize that my classification is not

based on the pedicellarise alone. It is true that my classification of the Cidaridce is almost exclusively

based upon the structure of the pedicellarise; but that is due to my inability to find other characters

which could be used with success. Any reader of my introductory remarks on the Family Cidaridce

will recognize that I have not omitted to take other characters into consideration, while the conclusion

of that chapter is as follows (p. 31): When in the diagnoses of genera given here other features than

pedicellarise and spicules have only been mentioned exceptionally the opinion of course is not that

these structures should be sufficient for definitive diagnoses. It has already been emphasized above,

and I shall here emphasize once more that all these structures must be thoroughly examined in order

to get the mutual relations of the forms established. That I have here only treated the pedicellarise

more thoroughly is a consequence of the fact that neither my material nor my time has permitted

me to treat the other features more particularly. The system of the Cidarids cannot get its definitive

formulation, until all features have been examined in a greater number of species (or best in all

species). What is given here is a provisional classification, which can scarcely be correct throughout...

Whilst I must thus decidedly protest against the accusation of having based my classification on a

single character, I beg to suggest to Professor Agassiz whether that would not suit the classification

of the Eckinometridce and Echinidce given in the Revision of Echini . These Families are founded

exclusively on the number of pores in the ambulacral plates, all the genera with only three pairs of

pores being included in the family Echinidce, those with more than three pairs of pores in the family

Eckinometridce. And as for the impossible associations resulting from such artificial divisions according

to one character I might suggest to Professor Agassiz whether the placing of Heimpedinn. Phymo-

soma. Echinus, Toxopueitstcs, Tripneustes and Evechinus (Heliocidaris) in one subfamily, Triplechinidce,

as is done in the Revision , does not deserve to be thus characterized.

Professor Agassiz speaks in a very depreciatory manner of the results of my classification, which

culminate in such impossible associations that we are loath to follow his lead . It would have been

very interesting to hear some instances of these impossible associations, but unfortunately Professor

Agassiz confines his examples to a few Cidarids. It scarcely seems fair to condemn the whole of my
results on the evidence of a few debatable cases among the Cidaridce. the classification of which

family is expressly stated to be purely provisional. I should like to learn what are the impossible

associations in my classification of the Echinothuridce, Ecliiiwmetridce and the Echinida, the more so,

since it was the greater naturalness of the associations resulting from my classification which were

to my mind a proof of its correctness. I will, however, leave it to others to compare my arrangement

of the forms included in, let us say. the genus Strongylocentrotus or in the Family Echinometridce with

the arrangement given in the Revision of Echini . And upon the whole I venture to believe that,

since Professor Doderleiu has now accepted my classification of these groups in the main points, it

will be agreed, at least, that it cannot be so very unnatural; otherwise, so careful and judicious a natu-

ralist, with so profound a knowledge of the whole class, would certainly not have accepted it.

Regarding the use of pedicellarise in the definition of systematical characters of Echini Professor

Agassiz agrees that it may be desirable to employ all the data possible from whatever source,

2
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which may throw any light on the subject . But the study of pedicellariae has only added a new

factor differing in no way in its potentiality from those formerly in use
,
and there are several diffi-

culties to their use in classification. Like the other characters employed to distinguish the species

they vary with age. They form no exception and do not appear fully fledged in the embryos and

young specimens, in spite of Dr. Mortensen's statement to the contrary; though he acknowledges that

there is in literature next to no more exact accounts of the development of the pedicellariae of Echi-

noids. Certainly before making such a sweeping use of the minute and often infinitesimal characters

supplied by pedicellariae for classification it would have been instructive to trace the development of

the several kinds of pedicellariae, and obtain some data regarding the extent and nature of the vari-

ation of pedicellariae during their growth. The only addition made by Dr. Mortensen to our know-

ledge of the development of pedicellariae is shown on Figs. 15, 24, 30 PI. XII of the Ingolf Echinoidea,

giving three stages of a triphy lions pedicellaria of Phormosoma placenta. As long as we know so little

regarding the nature of the relations of the large and the small pedicellariae of the same kind to one

another it seem useless to speculate on the improbability ... of the arrangements which must take

place in the calcareous mass to make a small fully formed pedicellaria become a larger one . Every

student of Echini is fully aware of the immense amount of resorption and rearrangement constantly

taking place in the actinal and abactinal parts of the coronal plates in the interambulacral areas, and

in the actinal and abactinal systems — changes that are far greater than those referred to above can

be .
— Further Professor Agassi/, quotes my remark (p. 9): When no pronounced difference is found

between large and small pedicellariae, it may in fact be impossible to decide whether a certain speci-

men is to be regarded as a large or small form and adds that surely this acknowledgement that

the pedicellariae cannot be classified may throw some doubt on the statement that the pedicellariae

give absolutely excellent systematic characters (p. 106— 7).

In reply to these objections I cannot do better than refer to the remarks of Professor Doderleiu

(Op. cit. p. 67— 721. In a way that could scarcely be better or clearer the whole question is discussed

there, and with full conviction I can subscribe to every word of it. < )nly a few remarks may be added.

I want to state explicitly that I quite agree with the remark that the new factor (the pedicellariae)

differs in no way in its potentialitv from those formerly in use ; it can never be said beforehand with

certainty whether the pedicellariae
— or any other factor -- are of primary importance in some group

or not, only a careful comparative study can show the relative value of the different structural cha-

racters. I have never stated that the classification lias always to be based on the pedicellariae as the

most important factor; on the contrary, I am of opinion that where structural characters of some

significance occur in the test, these are upon the whole of higher classificatory value than the cha-

racters in the pedicellariae.
— The assertion that the pedicellariae do not appear fully fledged in the

embryos and young specimens in spite of Dr. M.'s statement to the contrary is quite unjustified. My
statement is not founded on the accounts thereof in literature but on my own fairly extensive studies;

and I would remark that I do not speak of the embryos in this connection but of the newly meta-

morphosed Echinoid (p. 7). All the different kinds of pedicellariae may not perhaps be developed iu

the very young specimens; but those forms which are found do not differ essentially from those of

the grown specimens, except in size. Until it is proved by facts that the pedicellariae of the young
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specimens differ essentially
' in structure from those of the grown ones my positive statement, founded

on direct observations, that thej are essentially alike must be accepted; by words alone it is not

refuted, even if it be the words of an authority so famous as Professor Agassiz.

What most astonishes me in Professor Agassi/.' objections against the systematic use of the

pedicellariae is his disbelief in my account of the development of the pedicellariae. The whole matter

seemed me so clear and its correctness beyond doubt that I did not find it necessary to figure the

different developmental stages of all the different pedicellariae in all the species. I might have filled

several plates with figures of developmental stages of pedicellariae. I have stated already in Part I.

p. 6 that I have found such stages of development in most of the species I have examined
,
and

this holds good also for those Echinoids, which I have studied since then. When Professor Agassiz
states that the only addition made by me to the knowledge of the development of pedicellariae is the

development of a triphyllous pedicellaria of Phormosoma placenta, he has probablv overlooked this

remark as well as my figures of the developmental stages of a tridentate pedicellaria of Phormosoma

placenta. Indeed, in spite of Professor Agassiz' doubt of the correctness of my view of the mode of

development of the pedicellaria;, I do not find it necessary to give more figures thereof. I think no-

body will follow the famous author in the belief that small pedicellaria; are gradually, through most

intricate processes, transformed into large ones, a belief which is sustained by no facts, against my
demonstration that the pedicellariae develop at once to their final size. The reabsorption and rearrange-

ment constantly taking place in the test can in no way be compared with the rearrangements that

would be necessary for transforming a small, fully formed pedicellaria to a larger one. The changes

in the test can ail easily be understood as caused by the processes of absorption in some places and

apposition in others, but by mere apposition a valve of a small tridentate pedicellaria with fully

formed, even more or less decorated edges, could never get the form of a valve of a large tridentate

pedicellaria. Even to suppose a process of intussusception would not help, the calcareous valves not

being of a plastic matter like a plant-cell, but much more like some kind of crystalline structure.

Regarding the relation of pedicellariae to the fossil forms Professor Agassiz remarks (p. 107):

Dr. Mortenseu does not fail to perceive that pedicellariae are not likely to be of frequent use in the

determination of fossil forms, and for that reason condemns the classification of all fossil forms, and,

in passing, of the Irregular Echinoids . On this theme I have said (p. 8), after mentioning the descrip-

tion of the pedicellaria- of Pelanechinus corallinus by Groom and suggesting the possibilitv of also

finding pedicellariae in well preserved specimens of other fossil Echinoids: Of course, however, it will

always be a rare thing — generally we have here to be content with the tests (and the spines). These

structures also often give excellent characters, but they are far from being always reliable. The former

great incertainty in the determination of the recent forms of regular Echinoids (and I think it is not

much better with regard to the irregular ones) may be taken to imply that there cannot be any great

certainty in the classification of the fossil forms either .
- It seems to me that these few remarks are

indeed very moderate and can not be said to condemn the classification of all fossil forms ;
on the

other hand, the fact that in all the families treated in Part I the pedicellariae are of so great

: In Echinus the globiferous pedicellariae appear to Have "the blade generally somewhat more open in young speci-
mens than in the grown ones, as is pointed out by Doderlein. (Op. cit. p. 2T1.I
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classificatory value, naturally led me to suppose that the same would generally be the case in all

Echinoidea. Later studies on other families of the Echinoids {Diadematida, Temnopleuridce, the Irregu-

lar Echini i have shown that these structures are not always of so high a value in classification, and in

such groups the possibility of determination and classification of the fossil forms is, of course, more

favourable than in those groups, where the pedieellarise are of more importance, as in Echinida, Toxo-

pneustidcE, Echinometridcz and, partly, Cidaridce. In these groups it is certainly not too much to say

that there cannot be any great certainty in the classification of the fossil forms .
— Regarding the

classification of the Irregular Echinoidea I have not said a word on that subject in Part I, and ac-

cordingly I have not condemned it either in passing or in a more thorough way. I have only sug-

gested that there would prove to be some uncertainty in the determinations of these forms, made with-

out the use of the microscopic characters afforded by pedieellarise etc. That I was quite right in that

suggestion is, I think, sufficiently proved in this second Part of my work.

To turn now to the cases among the Cidarida pointed out by Professor Agassi z as especially

unfortunate results of my classificatory attempts. Such a case is the uniting of Cidaris metularia and

verticillata in one genus — two species which are more readily distinguished by the characters of the

spines and tests than any other species of the family . That Cidaris baculosa is added to the same

genus is also held very unfortunate. It is true that Cidaris verticillata and metularia are very readily

distinguished by their spines as well as by their tests; the differences found in the spines, however,

could not convince me of the absurdity of uniting them in one genus, since I was unable to see very

reliable generic characters in the structures of the spines
— and certainly the differences between the

spines of C verticillata and metularia are not more important than are those between C. verticillata and

PhyllacantliKs intpcrialis. which are united in one genus in the Revision of Echini:. As for the differ-

ences in the structure of the test I might well have ascribed to them more systematic importance, if I

had been fortunate enough to have had a specimen of this C. verticillata at my disposal and had been able

to make a direct comparison. (It was upon the whole the lack of sufficient material for a comparative

study of the tests of the Cidarids which made me unable to judge of the real value of these structures

for the distinction of the genera.) Being then constrained to class the species after the structure of the

pedieellarise I could not get any other result than that these two species had to be regarded as not

too closely allied species of the same genus (p. 15), and since Professor Doderleiu (Op. cit. p. 101)

after his very elaborate studies on the tests, the pedieellarise and spines of the Cidarids has now come

to the result that C. vertillata, baculosa and metularia have to be placed in the same genus, only in

different subgenera, I cannot think my result so very unnatural.

That Cidaris affinis is separated from Dorocidaris papillata, with which latter species it was

hitherto made synonymous, and even placed in another genus, Professor Agassiz finds erroneous.

There is nothing in the figures of the pedieellarise given by Mortensen to warrant such a transposi-

tion (p. 22). As evidence thereof the figures of pedieellarise of these two species given on PI. IX are

cited. That the figures of the tridentate pedieellarise as well as those of the small globiferous pedieel-

larise do not show so very important differences I willingly agree, but I have not used these differences

as distinguishing characters of the genera Dorocidaris and Cidaris. The main difference between

the two genera I find in the large globiferous pedieellarise; of the figures given thereof Professor
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Agassiz compares 3, 5 and
5, 9, whereas the most characteristic of them. fig. 22. is m>t mentioned.

If Profesor Agassiz had compared the figure 3 with Kg. 9,
and fig. 5 with fig. 22, as is the only

natural way to compare them, he would probably have agreed with my placing these species in two

different genera Since Professor Doderlein now agrees with me in referring these two species to two

different genera, I think there can scarcely be any more doubt of the correctness of that view. -- On

the otlur hand my genus Petalocidaris, established for Goniocidaris florigera, seems, indeed, untenable,

as pointed out by Doderlein (p. 961. The remarks by Agassiz on this genus ip. 221 are singularly

unfortunate. All the figures to which reference is made there are of Tretocidaris. The diagnosis of the

genus (p. 28) and a comparison of the figure of a large globiferous pedicellaria (PI. X. 27) with that

of Goniocid. tubaria (PI. X. 201 would have shown that the genus was not based on the small opening

of the point of these pedicellaria; but on the elongated form of the blade.

The association of Dorocidaris iracteata A. Ag. with Stephanocidaris bispinosa may be wrong,

but having no specimen of the former at my disposal I am unable to say anything definite; since

Professor Doderlein has now eompletelv altered the position of Stephanocidaris bispinosa by finding

its large globiferous pedicellaria:, of the form without end-tooth typical of the genus Cidarites Lamarck

(Cidaris Klein in Part I of this work), the form taken by me to be the large globiferous pedicellaria;

being, in fact, the small form, it is probable that I have likewise only seen the small form of globiferous

pedicellariae in Doroc. bractrata. But as long as we do not know the large globiferous pedicellaria; of

this species it is impossible to say with certainty to which genus it belongs. The characteristic, that

the abactinal system of Stephanocidaris bispinosa is somewhat more flexible than in other Cidarids.

does not seem to me so extremely important as Agassiz holds it, since he finds it so entirely unique

among the Cidarida: that there is no excuse for associating with it a species with the abactinal system

of the species of Dorocidaris ip. 23). On comparing vertical sections of tests of Stephanocidaris bispinosa

and Dorocidaris papillata I find that not only the apical system but the whole test is distinctly thinner

in the former. Certainly, I cannot consider this difference a very important character. Professor Doder-

lein also evidently holds this character to be only of secondary importance, since he unites Cidaris

baculosa and vcrticiltata witli Stephanoc. bispinosa in the same subgenus. (Op. cit. p. 101.1

Professor Agassiz evidently finds it too meaningless to deserve a refutation, when on account

of a general resemblance I ventured to suppose that Dorocidaris panamensis had the same kind of

globiferous pedicellariae as Cidaris affinis. If he had found it worth while examining these structures

he would have found that my suggestion was quite right
1

, and he would have avoided the erroneous

statement that this species is the Pacific representative of D. papillata .

For my suggestion that Goniocidaris canaliculate, might be a Stereocidaris Professor Agassiz

can see no reason, especially since it is quite contrary to my principles to refer living species to

genera established for fossil species. To Mortensen affinities as usually recognized by most writers

on Echini have no interest and have no value when not based on the pedicellariae ip. 321. The cases

where I do refer living species to genera based on fossil species seem to me to show that I also

:
I have had occasion to examine specimens of this species, identified bv Professor Agassiz himself, in the U. S.

National Museum. The only difference of some importance between the pedicellaria; of this species and those of C. ajfinis is

that no limb of projecting rods is found on the stalk of the large globiferous pedicellariae
— at least not on the few I

have examined. They occur very sparinglv: I have only found them in two of the nine specimens examined bv me in the

D. S. National Museum.
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recognize the value of affinities not based on the pedicellarise, since, of course, only the accordance

in the structural characters of the test could induce me to accept such genera. To be sure, the Stereo-

cidaris canaliculata is not a very typical species of that genus, but the pedicellarise are of the struc-

ture peculiar to that genus, and I did not find sufficient charaters in the structure of the test for

founding a separate genus on it. Now, Professor Agassi/, has established the genus Centrocidaris

for this species and the species Goniocidaris Doderleini A. Ag., the only character of the genus being

the broad bare space in the ambulaeral and interambulacral areas. This character is certainly a very

insufficient one for founding a genus on it, the more so as it is rather variable in canaliculata. Pro-

fessor Doderlein quite agrees with me that the species canaliculata has to be referred to Stereo-

cidaris 1
;
he rejects the genns Centrocidaris, and I think, likewise, that this genus cannot be maintained

as understood by Professor A gas si z. Perhaps it can be maintained for the species C. Doderleini,

which had to be left iucertse sedis by Professor Doderlein, in spite of the careful description of the

test given by Professor Agassiz in the Panamic Deep-Sea Echini.

Professor Agassiz further finds it impossible to conceive the ground for my separating Poro-

cidaris elegans as another genus, Histocidaris, from Porocidaris purpurata, unless it be that the cha-

racters of a single valve of a small globiferous pedicellaria, which he (I) figure(s) as perhaps belonging

to that species
2

,
is sufficiently characteristic for such a generic separation), (p. 24). It seems to me to

be very easily seen from my remarks on Porocidaris (p. 21— 22) and the diagnoses of the genera Histo-

cidaris and Porocidaris (p. 30), that I regard the differences in the tridentate pedicellaria as the main

character: two-valved in Porocidaris, three-valved in Histocidaris; the depressions in the scrobicular areas

and the long neck of the radioles are also pointed out as characteristic of Porocidaris (p. 21) — un-

fortunately, the two latter characters have not been mentioned in the diagnosis. I do not see that

Professor Agassiz has in the least weakened these grounds for distinguishing Histocidaris from Poro-

cidaris; Professor Doderlein also accepts the genus Histocidaris, though he finds that the two

species einander nicht allzufern stehen (p. 98). I agree that it is too much to say that H. elegans has

no relation with P. purpurata (p. 22), but I think the genus Histocidaris has to be maintained. — To

this genus will have to be referred Porocidaris Cobosi A. Ag., of which I have examined an authentic

specimen in the U. S. National Museum, whereas Porocidaris Milleri A. Ag., which I had likewise

the opportunity of examining there, is a Stereocidaris, probablv nearly related to Stereocidaris japonica

Doderlein. As regards Porocidaris Sliarrcri it still remains uncertain, whether it is a Porocidaris or a

Histocidaris; it is true that I have seen the type-specimen in the Museum of Comparative Zoology

at Harvard College, but since Professor Agassiz thought it right to forbid me to make any studies

at the Museum, I could only see it like anv ordinary visitor, and unfortunately it was placed so high

that I could not see the pedicellaria
1

. From the lack of a long neck on the spines and of the de-

pressions in the scrobicular areas I would conclude that it belongs to the genus Histocidaris. What I

have said of the species Dorocidaris micans, based on specimens wrongly referred to Porocidaris Sliar-

rcri. is right. I hope to be able soon to give a more detailed description of this species. On the

other hand, I must agree that Professor Agassiz is right when reproaching me with inconsistency in

1
I shall have t'> treat this species and the questions associated therewith more thoroughly in the Reports on the

Echini of the German and the Swedish South-Polar Expeditions.
<in p. 175 I have stated that this form of globiferous pedicellarise does not realh belong to Histoc. elegans.
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the use (or rejection) of generic names first used for fossil tonus, since I retain the names Arbacina,

Porocidaris and Stereocidaris. As regards Stereocidaris, I think it quite right to maintain that name,

the structure of the test being so characteristic that it seems beyond doubt that the recent and fossil

species belong to the same genus. (Comp. Doderlein. Op. cit. p. 95.) Regarding Porocidaris, I find it

rather doubtful, indeed, whether it really belongs to the same genus as the fossil type, and perhaps

it would be better to create a new genus for it; for the present, however, I will leave that undecided.

It was probably wrong to accept the name Arbacina - even if the species forbesianus had not

proved to be a Prionechinus. On the other hand, it was probably unnecessary to revive the name

( cenopedina
— but upon the whole I must maintain that in those families, where the pedicellarise are of

great systematic importance, it is generally quite impossible to say with certainty to which genus,

or in several cases even to which family, a species belongs of which onlv the test is known, as is

generally the case with the fossil forms. To my remark on this subject (Parti, p. 85) that identical

structure of the test is no proof of near relationship ,
Professor Agassiz objects (p. 107) that we are

perfectly justified in retorting that similarity of the pedicellarise is no proof of relationship as shown

by the structure of the test, and we are not warranted in classifying together forms which agree only

in the structure of the pedicellarise, and differ in the structure of the test . I quite agree with this

and have never thought of maintaining that the structural differences found in the tests of the differ-

ent forms were of no systematic value, and I think that Agassiz will be unable to point out any

case of my having associated forms differing essentially in the structure of the test on account of their

pedicellarise being alike in structure, except — perhaps — among the Cidarids, where ray material did

not allow me to study sufficiently the differences in the structure of the test. Professor Agassiz is

not at all entitled to say that I recognize(s| only such affinities as are indicated by the structure of the

pedicellarise. Affinities indicated by other structural features have little or no interest for him, or are

entirely erroneous. It will be a great saving hereafter if illustrations of Echini are limited, as he would

have us limit them, to figures of pedicellarise-.
— I need again only refer to the chapter on the classi-

fication of the Diadematids in my work on the Siam-Echinoidea for refutation of this assertion, and as

regards the illustrations a mere glance at my work will show that I have figured the species treated

there as carefully as possible. I wish Professor Agassiz had done so with all the species described bv

him — that would have saved his fellow-workers a great deal of trouble; I may remind the eminent

author of such species as Echinus Wallisi, Dorocidaris Bartletti, Hemiaster Mentzi. On the other hand,

I would maintain that for a preliminary description of some species, figures of the pedicellarise may be

much more valuable than a figure of the whole animal, on which none of the more important char-

acters can be seen. And it may also be suggested that not everybody perhaps can afford the expense

of so copious illustration as that given in Professor Agassiz' last magnificent work.

Against the results of my studies on the Echinothuridm Professor Agassiz has made a great

many objections, only very few of which, however, I can acknowledge as maintainable. I shall answer

them one by one in the order in which they are set forth.

Firstly, Professor Agassiz objects to the arrangement of the figures of pedicellarise in my plates;

he finds it almost impossible to compare the figures of pedicellarise of the different species < without

a guide or key to their arrangement (p. 81). It is, indeed, rather a difficult question how to arrange
The Injrolf-Expedition. IV. 2.

^
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the fio-ures on the plates in the best way. The simplest way is obviously to put together all the figures

f the same species, but a comparison of the figures of the different species is not made easier in

that wav and the general appearance of the plates cannot then be taken into account. The latter fact,

to be sure, has no real scientific value, but I willingly confess that I like to have the figures arranged

with some regard to the appearance of the plates. It does not seem to me that the arrangement in my

plates is so quite hopeless for comparing the figures of the different species. All the figures of pedicel-

lariae of the Echinothurids are put together on three successive plates, the first of them including all

the fio-ures of triphvllous pedicellarias ;
and the numbering of the figures is constantly in transverse series

from the left to the right, so that the figures are at least easily found out, in any case much more easily

than in some of Professor Agassiz' plates, e. g. in (Revision of Echini : PI. VI, XXIV—XXVI, XXXVIII

and Challenger Echinoidea: PI. XXXVIII—XLV, where the numbering and arrangement of the figures

seem without any plan whatever. Regarding the quality of my figures I am sorry to say that I am

far from satisfied with several of them, and I likewise must agree that it might have been better to

give the direct enlargement of the figures instead of the number of the oculars and objectives. But,

on the other hand, the size of the pedieellariae has upon the whole no such systematic importance that

exact measurements are necessary, since generally they vary very much in size.

In dwelling upon the many points of relationship between Phormosoma and Astheuosoma .

says Professor Agassiz (p. 82), I drew attention to the difficulties of describing the species of these

genera owing to the changes due to growth. On the strength of this remark Dr. Mortensen assumes

that I have stated that the two genera cannot be distinguished, and proceeds to ignore all that has

been said of the different species of Echinothuriae relating to the actinal and abactinal systems and

the spines, because he thinks the Echinothurids are not adapted for examination in the dry state. But

he claims to give a perfect classification based, first, upon the characters of the spines, as if his pre-

decessors had not mentioned them in any way; next upon pedicellarise, tube feet, pores and spicules,

the last of which he has previously informed us were of no systematic value! Having stated that the

genera Phormosoma and Asthenosoma cannot be distinguished, he then establishes a number of new

genera based wholly upon the structure of the triphyllous and tridentate pedicellarise. The latter show

a great variety of forms, and are of great systematic importance ;
while the former have little system-

atic importance in Echinidae, they are considered by Dr. Mortensen of value for the determination of

the Echinothuriae.

That the genera Phormosoma and Asthenosoma as understood by Agassiz cannot really be

distinguished, it seems to me superfluous to again demonstrate; Agassiz has not given any further

distinctive characters of the two <genera^, and both de Meijere and Doderlein agree with me in

the limitation given thereof in Part I of this work. As for the changes clue to growth ,
I might re-

mark that such changes are evidently upon the whole much smaller than Professor Agassiz thinks,

since in several cases these changes are due to the specimens belonging to different species or even

different genera. (See e. g. Phormosoma uranus and Pctcrsii Part I. p. 58
—

59.) For the purpose of

showing such changes, it seems to me highly important that the identification of the differently sized

specimens be made as certain as possible by using all characters available for specific identification; a

record of the changes undergone by a species during growth is worth less than nothing wThen the speci-

mens upon which the changes are described do not belong to the same species or even the same genus.
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That I ignore all that has been said of the different species of Eehinothnrise relating to

the actinal and abactinal systems and the spines, because I (he) think(s) the Echinothnrida; are not

adapted for examination in the dry state- needs no special refutation. I have found no reason to

repeat all the facts made known by the different authors on Echinothurida, as in general I do not

think it necessary to repeat all that has previously been made known each time some additional

information is given. But I am sure that I have not ignored what was previously known of the

Echiiiothtiridcc when giving the new classification resulting from my predecessors' and my own re-

searches. That the Echinothuridse are not adapted for examination in the dry state I have not said.

( in the contrary I have said that the arrangement of the plates is generally only to be seen in dried

specimens . But ,
I continue the Echinothurids are only very little adapted for preservation in

dried state, and if the material in hand be slight one does not like to destroy it for the sake of

determination (p. 43). This remark seems to me incontestable.

I do not at all claim to give a perfect classification of the EchinothuridcB. On the contrary

I have said (p. 65): As has been done above in the Cidarids I shall also here expressly state that I

do not regard the generic diagnoses given here as complete. As well the structure of the test as the

inner anatomy stands in need of an exact examination in several of the genera. I must, however,

regard all the genera established here as good ones, and also the limitation of the old genera Phormo-

soma and Asthenosoma is no doubt correct. Only the genera Arceosoma and Hygrosoma are perhaps still

taken in too wide a sense That the new genera established by me are based wholly upon the

structure of the triphyllous and trideutate pedicellarise -> is in so striking contest with the statement

given by Professor Agassiz himself a few lines above that my classification is based first upon the

characters of the spines, as if his predecessors had not mentioned them in any way ; next upon

pedicellarise, tube feet, pores and spicules ,
that I need say no more about it. That my predecessors

have both mentioned and described the spines more or less accurately, I have never denied or thought

of concealing; but it is one thing to describe them, another to use them properly for systematic pur-

poses, and I do not see that Professor Agassiz has made such use of the spines. Even now,

after my pointing out the importance of the differences found in the structure of the primary actinal

spines (ending in a thick fleshy sack in Pliorniosoina, in a curious white, naked hoof in the other

genera — Kamptosoma still remaining unknown in this respect), he does not recognize this fact, though

without giving any reason for not doing so, only referring to a statement in the Challenger -Echi-

noidea (p. 101): The presence of sheathed spines in two species of Phormosoma shows that this cha-

racter, which at first seems to separate so strikingly from the rest of the group Asthenosoma grubii,

is evidently one of little value, and which may be more or less developed in specimens of the same

species in the same state of growth . To this statement I remarked (Part I. p. 48): the facts here put

together by Agassiz are quite different: in A. grubei it is the spines on the abactinal side that are

wrapped by a bag of skin, and the spine itself is of the common structure, a perforate tube ending

in a fine point; in Ph. placenta and the species allied to it, it is the primary spines on the actinal

side that are clavately widened in the point and wrapped by a thick bag of skin. These spines must,

of course, be compared with the primary spines on the actinal side of the other species, but then we

find a marked difference, these spines of the other species not being covered with skin — as far as is

known — but ending in a larger or smaller hoof, distinctly marked off from the spine itself . Pro-

s'
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fessor Agassi z remarks on this criticism: I have stated that I thought this character of no great

systematic importance. Dr. Mortensen is of contrary opinion: (p. 101); I confess my inability to under-

stand how a statement, shown to be erroneous, can be made good again by simply reiterating it, even

if this is done by so eminent an authority as Professor Agassiz.

The statement that I use the spicules in the classification of the Echinothurids, after having

previously informed us that they are of no systematic value must be due to some error. So far

as I know I have never stated that the spicules are of no systematic value. On p. 45 I have said

that the spicules are almost always rather large, irregular, fenestrated plates situated more or less

distinctly in 3
—

4 longitudinal series. In A. varium, Grubei, heteractis and urens they are very slightly

developed, onlv small, branched calcareous pieces, rarely with a hole . In the following lines I say of

the splueridia: that they show no differences so great that they can be of any systematic importance .

Perhaps it is this remark which Professor Agassiz through some lapsus has referred to the spicules.

The difference between the genera Ar&osoma and Calvcria is, I agree, not so very important,

and since the name Calveria cannot be used, as pointed out by Professor Agassiz and most carefully

argued by Dr. F. A. Bather 1

, it may, perhaps, be preferable to unite C. hystrix with the genus

Arceosoma; to the genus Asthenosoma it cannot be referred. The species A. varium and Grubei I have

never referred to the genus Calvcria, as stated by Agassiz (p. 84).

Professor Agassiz claims to have figured an ophicephalous pedicellaria of Phormosoma lu-

culentum, viz. on PI. XLIV. fig- 27 of the Challenger -Echinoidea. I may remark on this account that

he only mentions it in the explanation of the plates and under the name small short-headed, short-stemmed

pedicellaria ;
further I have by no means overlooked that figure, but mention it on p. 60 and p. 176,

suggesting that it may represent an ophicephalous pedicellaria, but stating that I have myself been

unable to find any similar form of pedicellaria in this species. I think Professor Doderlein is right

in supposing (Op. cit. p. 121) that it does not really belong to this species. When Professor Agassiz

takes the peculiar modified form of tridentate (or perhaps ophicephalous) pedicellariae figured by me

on PI. XIII. Fig. 16 to be the same as that which he has figured in PI. XLIV. 25—26 (Challenger -

Echinoidea), he is quite right. I have stated that carefully on p. 60 and have given no figures of the

valves, finding that his figures give a good representation of the single valve .

That figures of Plwrmosoma placenta are given in the Blake -Echini and of Phormosoma

bursarium in the Challenger -Echini does not eliminate the fact, that Professor Agassiz in describing

the latter species only points out the differences from the distantly related Phormosoma htculciitum

but not the characters distinguishing it from the very closely related PI/, placenta. Neither are such

characters pointed out under Phormosoma placenta in the Blake -Echinoidea. That there was some

reason for pointing out such differences appears also from the fact that Professor Doderlein is now

inclined to regard Ph. bursarium as only a synonym of Ph. placenta (Op. cit. p. 127).

Further, Professor Agassiz says (p. 85): Dr. Mortensen thinks that I am wholly mistaken in

suggesting any affinity between A. pelluciclum and A. coriaceum and A. tesse/atiim. because 2 he has

suggested a new genus, Hoplosoma, for A. pellucidum, based entirely upon the structure of the pedi-

1 The Echinoderm name Calveria hystrix. Ann. Nat. Hist. 7. Ser. XVII. 1906. p 249.
' The Italics are mine.
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cellarise; they are certainly very peculiar, but may be embryonic conditions of unknown pedicellariae

similar to those he figures for Ph.placenta. As for his remarks on Phormosoma tenue, I would suggest

to Dr. Mortensen that the Report on the Challenger -Echini was issued in 1881, and that his memoir

was published in 1903; he can scarcely expect genera proposed in 1903 to have received any recogni-

tion in 1881 .

It is possible that the genus Hapalosoma (not Hoplosoma) cannot be maintained, in which case

the only species, pellucidum, would have to be referred to the genus Arceosoma, since its peculiar glo-

biferous pedicellariae are evidently only a special development of the tetradactylous pedicellariae of

the latter genus, as shown by Dr. de Meijere. That they are not embryonic conditions of unknown

pedicellariae is certain; otherwise, fully developed forms would also have been found among the not

very few specimens seen by me, and Dr. de Meijere especially would have found them in the very

rich material he has had for study. Whether now the genus Hapalosoma has to be maintained (as I

think it has| or not, I certainly did not deny the close affinity of A. pellucidum with A. coriaceum

and tesselatum because I suggested a separate genus for the former, but, on the contrary, I suggested

a new genus for it, because I found it too distantly related to A. coriaceum and tesselatum to refer

it to the same genus with these species. The use of the word because in this place is thus not quite

fair, and the same holds good in other instances, thus for example when it is said on the same page

as the above: I have nothing to say regarding Dr. Mortensen's sneers at descriptions of pedicellariae,

because they do not fit with his classification . My criticism of the description of the pedicellariae of

Phormosoma tenue (as well as of other species) given by Professor Agassiz is certainlv sufficiently

justified by the character of that description, as will be agreed, I imagine, by anybody who will take

the trouble to read my remarks on that subject (Part I. p. 57).

That Professor Agassiz could not in 1881 recognize the genera proposed by me in 1903 is

self-evident. But, nevertheless, I think the remark to which Agassiz refers here quite justified

1 Part I. p. 55). After quoting from the Challenger -Echini p. 87 as follows: In the only species of

the group of which the Challenger collected a complete series (Phormosoma tenue) there was little

difficulty in recognizing the young as belonging to the adult I continue: We could scarcelv wish

to find a more pregnant proof of the difficulty or impossibility of determining Echinids without taking

the pedicellariae .into consideration . . . With regard to the excellent long series of Phormosoma tenue.

there are among the specimens referred to this species by Agassiz at all events two different genera,

but no genuine Phormosoma /» Professor Agassiz has now established a new species of the genus

Kamptosoma, A", indistinctum A. Ag., on a specimen from the Challenger St. 272, referred to Phor-

mosoma tenue (p. no). I venture to imagine that a more careful examination might have made it

possible to recognize this specimen as belonging to a separate genus already even in 1881 ; of course,

it would at that time have been impossible to know the name to be proposed by me later on, but

the genus really did exist already at that time. It is also worth noticing that this genus is sufficiently

characterized by its peculiar ambulacral structure alone, without regarding the pedicellariae and spines.

Professor Agassiz does not deny himself the pleasure of correcting me when mentioning

Phormosoma^ aster/as as the last of the Echinothurids described from the Challenger, (p. 86); lam

sorry to have to call his attention to the fact that, since I had already treated all the other species,
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including the last mentioned species Phormosoma rigidum, the Ph. astcrias was necessarily the last of

them — I did not sav the last named . That the characters on which the genus Kamptosoma was

founded appear to Professor Agassiz <most trivial , is, of course, a matter of slight importance, since

he accepts the genus. In my opinion the structure of the ambulacra in this genus (which character is

mentioned in the diagnosis besides the characters of spines and pedicellarise) is a highly interesting

feature, and even Professor Agassiz himself later on in the description of Kamptosoma indistinctum

does not evidently think this feature so very trivial. — As regards the species indistinctum, it is to

be regretted that Professor Agassiz does not say a word about the characters by which it is disting-

uished from the species astcrias. On p. 177 (Part I) I stated that after a renewed examination of the

specimens from St. 272 I thought it unjustifiable to separate them from K. astcrias as a new species;

it might not have been cpiite inappropriate therefore to point out the characters on which the new

species was established. Until these specific characters are made known I must regard K. indistinctum

as synonymous with K. astcrias.

To enter on a renewed discussion of the genus Hygrosoma and its delimitation from Phormo-

soma, on account of Professor Agassiz' remarks on that subject (p. 85
—

86), I deem unnecessary, since

Professor Doderlein has accepted my view thereon and given most careful and elaborate descriptions

of both genera, to which I may simply refer. (Op. cit p. 125, 136.)

After describing the changes in the apical system due to age in Phormosoma liispidum Professor

Agassiz says (p. 95): It is this extraordinary change in the anal system which I had observed in

the abactinal parts of the test, which has prompted Dr. Mortensen to credit me with the most extra-

ordinary ignorance of the rudimentary embryological data, many of which I was the first to discover.

That this remarkable intercalation exists there is not the least doubt, and it naturally suggests in old

specimens a flow of the anal plates into the interambulacrum, similar to the flow of the ambulacral

plates of the corona into the buccal plates of the actinal system-. -- I must answer to this statement

that I have not at all credited Professor Agassiz with any ignorance of embryological facts, but only

criticised his statements in the Blake -Eehinoidea (p. 32) on the development of the young Phormosoma

placenta, and I certainly think my criticism completely justified (Part I. p. 174
—

175). Professor Agassiz

himself now agrees (p. 96) that his statement there of the formation of the buccal plates was erroneous,

viz. that they are separated from the coronal plates, and are developed, as I (Agassiz) have shown

in the same manner as the imbricating plates of the Cidaridse, independently of the coronal plates;

new plates forming on the distal surface of the actinostome, which are intercalated between the old

plates and the coronal plates ». That Professor Agassiz has himself found out, before my criticism

had appeared, that this was a mistake, does not make this part of my criticism unjustified. I might

have added that the conclusion necessarily derived from the statement quoted, that in the Cidaridse

also the buccal plates should originate in this way, is not less erroneous, as Professor Agassiz will

certainly also agree.

Concerning the formation of the interambulacral plates, Professor Agassiz continues with the

following statement (loc. cit): On the abactinal system, on the contrary, while the plates of the genital

ring are well defined and seem to be distinctly separated from the coronal plates, yet new interam-

bulacral plates are not added independently, as in the ambulacral system, and as in the interambulacral

system of other young Echinoids where the genital ring remains permanently closed. The new inter-
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ambulacra] plates are found to be pushing out from the plates of the anal system on each side of the

genital plates. As the ocular and genital plates of the genital ring become separated, with increasing

size, the additional anal plates forming in the intervening spaces are pushed out, and become a part

ofj the abactinal portion of the interambulacral area>. To this I remarked (p. 175): «This statement is

completely incorrect. The interambulacral plates are formed in Ph. placenta as in other Echinids, not

by the anal plates. The genital ring , at all events, is closed, until the animal has reached a size of

17""" in diameter, and so far accordingly the interambulacral plates must necessarily be formed in the

common way, as may also easily be substantiated. In a specimen of a diameter of 30™"" a couple of

ocular and genital plates are still joining, and here the case is quite the same. That a new mode of

formation of the interambulacral plates, otherwise quite unknown among the Echinids, should then

suddenly occur, is very improbable — and, above all, Agassi z has not at all proved it; all that may

be seen in the larger specimens, is that the small anal plates directly adjoin the uppermost interam-

bulacral plates».
- I am quite unable to find in this criticism any accusation of ignorance of em-

bryological facts, and I am unable to see, likewise, that 1 am mistaken in my criticism. So far

as I can understand the meaning of the above passage quoted from the Blake -Echini, Professor

Agassiz maintains here that the anal plates are directly developed into interambulacral plates. That

mode of development would be in direct opposition to the generally accepted views on the homology

of the Echinoid-skeleton, which hold that the interambulacral plates and the anal plates are of very-

different morphological value. A transformation of the anal plates into interambulacral plates is thus

very improbable for morphological reasons, further also, on account of the younger specimens showing the

normal condition, and finally, I must repeat that Professor Agassiz has not shown it to be the case.

On examining Mr. Westergren's admirable figures of the abactinal system of Phormosoma lnspi-

dum on PI. 39 or of Asthenosoma coriaceum on PI. 52. fig. 1 of The Panamic Deep-Sea Echini ,
it is

easily seen that the young interambulacral plates originate at the sides of the ocular plates and are not

transformed anal plates.
— That the anal plates push their way down into the median part of the inter-

ambulacrum, separating the two series of interambulacral plates at their upper end, I have never denied

or thought absurd; but I must maintain that these anal plates never become interambulacral plates, which

was, so far as I am able to see, the meaning of the statement given in the Blake -Echini. Whether that

is also the meaning maintained in the Panamic Deep-Sea Echini . I am unable to gather; the ex-

pression a flow of the anal plates into the interambulacrum similar to the flow of the ambulacral

plates of the corona on to the buccal plates of the actinal system », as well as the expression the intru-

sion or flow of the anal plates into the interambulacral system (p. 117) do not seem to mean a trans-

formation of these plates into interambulacral plates. If that be the case, Professor Agassiz seems to

me to put a new meaning into his old statement, and thus, his remarks against my criticism have no

bearing against me, since I have never thought of saying a word against the latter meaning.

I think I have now answered all the criticisms which Professor Agassiz directed against

me. There are only a few of his more general remarks on the Echinothurids concerning which I must

say a few words on this occasion.

Professor Agassiz begins the Chapter on the Echinotliuridcr with this remark: We may be

justified in assuming that the anal system is in the Echinothuridse, as in the Cidaridse, covered by

five small anal plates (p. 75). I do not think we are justified in making this assumption. The youngest
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specimens of any Ecliinothurid hitherto examined (leaving aside the very doubtful Asthenosoma hystrix

f ^^mm figUred in Rev. of Ech., PL II c.) are those of 3
mm in' diameter described by me (Parti, p. 174). I

have stated there that the periproct is, even in the smallest specimens, covered by a number of small

irregular plates, with no larger between. So a central plate seems never to be found here. Since in

this very young stage the anal plates are thus already present in considerable number and do not show

anv trace of five original larger plates covering the whole anal area, I do not think we are justified

in assuming that these 5 large plates are found in a yet earlier stage. I give here a figure of the anal

area of the voungest specimen of Phormosoma (scarcely 3"'™) seen by me. (P^ig. 1.)

A matter of much more importance, however, is the statement (p. 91) that in Phormosoma

hispiduw the bare interambulacral area adjoining the primordial plate is covered with a few minute,

elongate, irregularly arranged plates, which correspond to the interradial buccal plates of Cidaris .

The same thing is stated for Kamptosoma indistinctum (p. 112): In this species .... we find a few of

the same irregular elongate interambulacral plates which in the

Cidaridse are as well and as regularly developed as the ambu-

lacra! buccal plates . It was hitherto assumed to be one of the

,: . most important features distinguishing the Cidaridce from all

the other regular Echinoids that both the ambulacral and inter-

ambulacral plates continue over the peristome; the Echinothurida

were distinguished by the ambulacral plates alone continuing

*ji over the peristome. If these small plates of the peristome found

in the two Echinothurids by Professor Agassiz were really

homologous to the interradial buccal plates of the Cidaridce this

fundamental character would have to be given up. Fortunately,

the figures given by Agassiz himself afford the proof that

Fig. 1. Apical svsteni of a young Phormo- ,, , , ,
. v. ,, . , ..

, , ,

f. / .
,." . l9/ these plates are not homologous with the interradial buccal

soma placenta, 3
mm 111 diameter. »

,.
r °

plates of the Cidarids; since the primordial interambulacral

plate is persistent, these small plates lying in the buccal membrane inside (adorally) the primordial

plate cannot possibly have any relation whatever to the interambulacral plates and cannot be said to

correspond to the interradial buccal plates of Cidaris . They correspond to those small, irregular

plates found in the peristome of the other regular Echini.

In treating the Echinothurids in Part I, I had to leave incertce sedis the species «Phormosoma

panamense and hispidum, and Professor Agassiz, not recognizing my limitation of the genus Phor-

mosoma, does not take the trouble to state to which group these species belong. But from the very

careful description and figures of the test combined with my examination of the pedicellaria; of the

type specimens in the U. S. National Museum, it can be said with certainty that they belong to the

genus Echinosoma. It is true that the character of the primary actinal spines of panamense is unknown,

but all the other characters are decidedly those of Echinosoma, so that I think we may safely conclude

that the spines also are tipped with a hoof and not provided with a fleshy sack. A more detailed de-

scription of the pedicellarise I cannot give on this occasion; it will suffice to say that they agree rather

closely with those of Echinosoma uranus and tenue\ in panamense I have not, however, found the
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larger form of tridentate pedicellariae. In Ph. hispidum I have found a kind of ophicephalous pedi-

cellaria; this ma\ suggest that ophicephalous pedicellarise will prove to exist also in the other species

of the genus Echinosoma. Agassi z is then evidently right in making panamenst an ally of /%.»

tenue, whereas it is certainly less fortunate to make Ph. hispidum, the Pacific representative of the

Caribbean and Northern Atlantic Ph. uranus , as by the latter is probably meant not the true Echi-

nosoma annuls, which is not known from the Caribbean Sea, but the Hygrosoma Petersii, which has

hitherto been wrongly called Phormosoma 11 mints. — Regarding the new species Phormosoma, zealandi®

A. Ag., established on a specimen from the Challenger St. 169, identified as Asthenosoma gracilet ,

it is impossible to state with certainty to which genus it really belongs, since not a word is said about

the spines and pedicellaria;; to judge from the figure given of an ambulacrum (PL 51. Fig. 3) it may be

supposed to be likewise an Echinosoma, which would be in accordance with the statement (p. 108) that

it is allied to Ph. hispidum.

Professors Bell, de Loriol and Lambert besides Professor Agassi z have also opposed

my classificatory results. Professor de Loriol only remarks regarding the genus Pseudechinus es-

tablished by me for Echinus albocinctus Hutton, that he thinks que e'est aller 1111 pen loin que de

creer une coupe nouvelle basee sur ce seul et unique caractere let encore faudrait-il s'assurer qu'il est

parfaitement constant), qui ne peut s'observer que sur les exemplaires dont le revetement est eutiere-

ment conserve '. As Professor Doderlein has already (op. cit. p. 231— 3) carefully answered these objec-

tions, I need only refer to his remarks on the question with which I quite agree. I may however make

the more general remark that in the Families Echinidts, Toxopneustidm and Echinometrida, the structure

of the test is upon the whole very similar, so much so indeed, that it seems impossible in the test

alone to find reliable characters even of the families, as is well seen by the manner in which forms of

all three families were put together in the genera Echinus and Strongylocentrotus, before the charac-

ters of the pedicellariae and spicules were taken into consideration. It almost looks as if, on reaching

the high level of development of these forms, nature could not go any farther on those lines, (the

EchinometridcB, of course, form a remarkable exception), and, instead, went on to develop the pedicel-

laria;, especiallv the globiferous, into very characteristic structures. Be that as it may; everybody who

has studied a large number of the genera and species of these three families, with regard also to

their pedicellariae and spicules, must be struck with the remarkable constancy and characteristic appear-

ance of these organs and find it very natural to make them the foundation of the classification, in

spite of their being so small that they cannot be seen without careful microscopical examination. —

De Loriol's remarks (op. cit. p. 16) on my limitation of the genus Sterechinus as well as those

of Professor Doderlein (loc. cit), I cannot answer before I have undertaken a renewed study of this

whole group, which I intend to do in my Reports of the Swedish and the German South-Polar Ex-

peditions.

Professor Bell in his Report on the Echinoidea from South-Africa- most decidedly keeps aloof

from my classification, without giving, however, very definite objections. To his remark that he does

1 Notes pour servir a l'etude des Echinodennes. II. Ser. Fasc. II. 1904. p. 20.

Marine Investigations in South Africa. Vol. III. 1904. The Echinodenna. Part I. Echinoidea.

The Ingolf-Expedition. [V 2. 4
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not think that any single character should be made the basis of a classification or that a distance of

even hundreds of miles of sea-bottom is sufficient evidence of specific distinctness (p. 167), I must

refer in answer to what has been said above (p. 10) against Professor Agassiz' characterizing my
classification as being based on a single character, and also to the above remarks on Professor de

I.oriol's objections. As for taking even hundreds of miles of sea-bottom as sufficient evidence of

specific distinctness, I absolutely agree with Professor Bell, and I am sure he will be unable to point

out any of the species described by me as being based upon geographical distance alone. But, on the

other hand, I think Professor Bell will agree with me that great geographical and bathymetrical

distance ought always to make one careful in referring specimens to a species otherwise known only

from another region, and only to identify them with such species on finding after a careful study of

all available characters that the}
- cannot be distinguished. I, for my part, do recognize some species

of Echini as almost cosmopolitan in their distribution, e. g. Heviiastcr expergitits (see also my remarks

on Echinocardium cordatum m this Part), though I do not recognize Echinus norvegicus as a cosmo-

politan species, as it was made by Professor Agassiz.

Professor Bell's remark that the present condition of the family Echinothurida does not

warrant an}- addition to it that need not be made (p. 169), does not seem to me quite warranted; at

least it seems to me that it is easy enough to refer the species to the genera as diagnosed by me

whereas it was extremely difficult indeed to distinguish between Phormosonia and Asthcnosoma after the

old fashion. And when Professor Bell expresses the hope that Professor Agassiz by means of his

large collections will be able to give us a definite idea of the range and character of the variation

of the Echinothuridce, I must say that, if the minute differences are not taken into consideration, I

fear the variations will not be very reliable. The generic value of characters found in pedicellariae

may, of course, be disputed; but we can be quite sure that specimens of the same species do not have

pedicellarise of very different structure, so that these minute characters, so easily seen with a very-

little technical skill, should at all events never be despised.

Lambert 1 remarks: «Sans nier la valeur des caracteres fournis paz les organes caducs et mi-

croscopiques de l'Echinide, j'estime que leur nomenclature doit surtout etre fondee sur un ensemble

de caracteres observables, aussi bien chez les fossiles que chez les vivants, car la phylogenie est aussi

indispensable que l'embryogenie a l'exacte comprehension des formes actuelles. II ne faut pas appliquer

a des animaux inferieurs, dont les organes sont moins specialises, une methode qui pent etre excellente

pour des etres tres evolues et perfectiounes, mais qui, pour les Echinides, fausse toutes les analogies

en placant dans des families differentes des formes aussi voisines que Loxechiwus et Strongylocentrotus,

que Parasalcuia et Goniopygus . For the rest, he states that he agrees with Agassiz in his views

on my classification. - The claim that the classification of Echini has to be founded on characters

also observable in fossil forms is, so far as I can see, unscientific. It is quite impossible to say a priori

which character will be of primary importance for classification. Only by a careful comparative exam-

ination of all the characters presented by the animals in question can it be decided on which of

these characters the classification has to be founded. When it is proved that some organ which can-

' In M. Boule et A Thevenin: Fossiles de la cote orientale de Madagascar. Annates de Paleontologie. I. 1906.

p. 14 (561.
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not be found in the fossil forms is of primary importance, we must admit that the fossil forms are in

some respect insufficiently preserved for identification. I qnite agree with Professor Doderlein in

his remarks on this subject (op. cit. p. 69). It is, indeed, unfortunate that a good main forms of a group

of such eminent palreontological and geological importance as the Echinidse should not be in quite

a fit condition for reliable identification; but that cannot be helped. It is a fact that the naked test*.

of several recent species of the three families Echinida, Toxopneustidce and Echinometrida cannot be re-

ferred with certaintv to their proper genus, or even to the family — the old genera Echinus and Strongylo-

centrotus furnish the most evident proof thereof. But when that is the case with the recent forms, it can

certainly not be much better with the fossil forms of such families. We must be glad that it is really

possible in very man}' cases to get a definite result by the examination of the test alone. To point out

the case of the genera Loxeckinus and Strongylocentrotus being placed in two different families, as a proof

that the use of pedicellariae in classification fausse tontes les analogies , seems to me as unfortunate as

the designation of the pedicellariae as moins specialises . To unite Loxechiuns and Strongylocentrotus

on account of their both being polyporous (which, I think, is Lambert's reason for doing so) seems

to me to be an overestimation of a character which has beyond doubt been developed separately in

different groups (Part I. p. 132— 33; Doderlein op. cit. p. 203). As for the other case pointed out by

Lambert as an unfortunate result of my classification, the placing in different families of Parasalenia

and Goniopygus
1

,
I admit that I am not personally acquainted with the fossil Goniopygus, and it may

be quite possible that I have been mistaken in placing it in the family Arbaciida : but since it is

stated to have its ambulacra composed after the diadematoid type, I fail to see how it could be so

very closely related to Parasalenia, which has its ambulacra composed after the echinoid type. The

pretended close relationship between Goniopygus and Parasalenia seems to me more founded on false-

analogies than their separation in two different families. And in any case this classificatory result was

not reached by the study of pedicellaria.', Goniopygus being only known as fossil. Finally, when

Lambert marks the pedicellariae as moins specialices ,
I really wonder how these organs, which

exhibit so great a richness of forms, in many cases no less than four or five different kinds being

found in the same specimen, and so exquisite an anatomical and histological structure, could be thus

characterized. And I do not see the reason why it should be wrong to use the same classificatory

principles for the lower animals which have proved good for the higher and more perfectionnes animals.

Upon the whole, I do not see that in all the critical remarks against my classification set forth

by Professors Agassiz, Bell and Lambert there is any real, principal objection. I have no doubt

that those who will take the trouble to make a careful study of the pedicellariae in the different forms,

especially the regular Echini of the families Echinidce, Toxopneustidce and Echinometrida, and not be

satisfied with literary criticisms alone without a study of the objects themselves, will agree with at

least the main results reached by me. The fact that Dr de Meijere and, above all, Professor Doder-

lein after his extensive studies accept my results in the main points makes me confident that my
method, which is, indeed, to take all the characters available for systematic purposes into consideration,

and to find out by a comparative study of as many forms as possible the systematic value of the

different characters, will ultimately prove the right one.

1 Delate & Herouarrt. Traite de Zoologie concrete. III. p. 23S. 245.

4*
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Suborder Clypeastroidea.

Fam. Fibulariidae.

iS. Echinocyamus pusillus (O. F. Miiller).

PI. XII. Figs. 4, 6, 9, 18—20. 22, 23, 26, 27. 29—31.

Principal synonyms: Echinocyamus angulosus Leske.

Fibularia tarentina Lamarck.

Echinocyamus parthenopceus Costa.

speciosus Costa.

Principal literature: O. F. Miiller: Zoologiae Danicie Prodromus. 1776. p. 236. Zoologia Danica.

III. 1789. p. 18. Tab. XCI. Figs. 5
—6. — Leske: Additamenta. 1778. p. 215.

- L Lamarck: Animaux

sans vertebres. 1816. p. 17.
— Forbes: British Starfishes. 1841. p. 175. Monograph Echinoderms Brit.

Tertiaries. 1852. p. 10. PI. I. — L. Agassiz: Monographies d'Echinodermes. II. Des Scutelles. 1841.

p. 128, 130. PI. XXVII. Figs. 1— 8, 14
— 18. — Philippi: Beschr. einiger neuen Echinodermen etc. Arch.

f. Naturgescli. 1845. p. 356.
-- Agassiz & Desor: Catalogue raisonne des Echinod. 1847. p. 82. -

Diiben & Koreu: Skandinaviens Echinod. 1844. p. 279.
- M. Sars: Norges Echinodermer. p. 95.

Middelhavets Littoralfauna. p. 116. — Heller: Zoophvten u. Echinod. d. Adriat. Meeres. 1868. p. 66.

— Costa: Monografia degli Eehinoeyami viventi e fossili delle Provincie Napolitaue. Atti R. Acad,

sci. fis. e matem. Napoli. III. 1867. 1X0.14) P- 4- PI- I- l— 2 -
_ " A. Agassiz: Revision of P^chini. p. 111,

304. PL XI. e. 3.
— Loven: Etudes sur les Ech. PI. XVI. 139. PI. XLIV; Echinologica. PI. IX. 102—9.

XL 141, 145.
— Cuenot: Etudes morphologiques sur les Echinodermes. Arch, de Biologic XI. 1891.

PL XXI\
-

. Figs. 9, 16. — Theel: Development of Echinocyamus pusillus. 1892. Koehler: Echi-

nides et Ophiures ... de l'Hirondelle. (229)
1

. 1898. p. 24.
-- Ludwig: Echinod. d. Mittelmeeres. p. 559

— Bell: Catalogue Brit. Echinoderms. p. 160. PL XVI. 8— 9.
-- Hoyle: Revised List Brit. Echinoidea

p. 419.
-- Airaghi: 2 Echinidi Terziari del Piemonte e della Liguria. Palseontogr. ital. VII. 1901. p. 178.

PL XXII. — Grieg: Oversigt over det nordlige Xorges Echinodermer. 1902. p. 32.
— Doderlein:

Archtische Seeigel. Fauna Arctica. 1905. p. 382. Die Echinoiden der deutschen Tiefsee-Expedition.

1906. p. 234.

Non: A. Agassiz: Revision of Echini. PL XIII. 1—8. Blake -Echinoidea. p. 40. Challenger -

Echinoidea. p. 118. — Bernard: (78)
1

.

For other less important literature reference may be made to Revision of Echini , Ludwig:
Echinod. d. Mittelm., Bell: Catalogue Brit. Ech. and Hoyle: Rev. List Brit. Ech.

Though this species has been so often described I must make some additional remarks on it,

which I think will not prove to be superfluous.

Agassiz has made the important observation that .small pores occur along the horizontal

sutures of the ambulacra as in other Clypeastrids •'; as, however, his description and figures are not

1 The number refers to the bibliographical list in Part I.

2 Cited after Zoological Record. 1901.
— Not seen by me.

3 Job. Miiller: Ban der Echinodermen. Abhandl. d. Acad. Berlin. [853.
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based on the true Ech. pusillus
— as is shown below — they do not give a correct representation of

this feature in pusillus. These pores are not most numerous above the ambitus, as is stated in the

diagnosis of the genus Eckinocyamus given in Revision of Echini (p. 304); on the contrary, while

thev occur in a single series along each suture above the ambitus they become quite crowded on the

actinal side, covering a considerable part of the plates and increasing in number towards the peristome

(PL XII. Fig. 27). On the analysis of the test given by Loven (Etudes. PL XLIV) the distribution of

these small pores is very carefully shown. I must add only that these pores are also found within the

petals, on the inner side of the double pores, though of course less numerous and diminishing in numbers

towards the apical system, only one pore being found on the inner side of the upper pairs of pores of the

petals. (PL XII. Fig. 31.)
( Hitside the petals also a few small pores occur on both sides, but only at some few

of the outer pairs of pores.
— In young specimens these small pores are few in number and rather difficult

to see; in quite small specimens no small pores are found within the petals.
— The inner edge of the

ambulacral plates adjoining the peristome is abruptly bent inwards and here two considerably larger

pores are found (PI. XII. Figs. 26, 27), corresponding to two tube-feet distinctly larger than the numerous

small tube-feet which cover most of the actinal side. These larger tube-feet are evidently homologous

to the large buccal feet of the Regular Echini; otherwise they differ from the small tube-feet only in

size, and, like these, they are not provided with spicules or calcareous ring.

De Meijere (op. eit. p. 107) remarks that there must be some variation in the relative size of

the genital and ocular pores in pusillus, referring to the figures given under that name by Agassiz

in Rev. of Echini. Having examined a large number of specimens of Ech. pusillus I find that the

genital pores are always larger than the ocular pores, (PL XII. Fig. 31), and that the latter are generally

much smaller, though sometimes the difference is not very great. The difference in this respect between

the figure 3.
PL XI. e. and figs. 1 and 6. PL XIII in Rev. of Ech. is due to the fact that these figures repre-

sent two different species, only the former being the true Ech. pusillus. The genital pores appear very

early, in specimens of only c. 3
mm

length; I have even seen specimens of only 2mm in which the geni-

tal openings were already distinct. -- As stated by Loven (Etudes. PL XVI. 139) there is only one

madreporic pore, situated near the anterior end of the apical system. This feature is of some impor-

tance, giving a good distinguishing character between Echinocyamus and young specimens of Clypeastrr.

the number of madreporic pores beginning to increase early in the latter. (In a young Clypeaster sp.

from St. Cruz of only 5""" length I find 6 pores in the madreporic plate).

The internal supports of the test as well as the depressions seen along the sutures between the

actinal ambulacral plates are rather well shown on the figures PL I. 12— 13 of Forbes (Monogr. Ech. Brit.

Tert.i, and PL XXVII. 6—7 of L. Agassiz. Costa also (op. cit. Fig. 2. C. D.) gives (rather coarse) figures

of the interior of the test. The figure given in Rev. of Ech. (PL XIII. 7),
differs very considerably

from those above cited; it is evidently another species. A detailed description of these internal struc-

tures need not be given, I may refer to the figures given by Forbes and L. Agassiz and to the

one given here (PL XII. Fig. 29) for comparison with the Ech. grandifiorus described below. It will be

remarked that the radiating supports continue as far as to the peristome; on the abactinal side they only

continue to the outer end of the petals. These ridges are formed by the edges of the interambulacra.

The ambulacra show, as seen from the inside, a fairly deep depression along each transverse suture, the
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pores being placed in these depressions. The innermost ones are directed almost straight towards the

border of the peristome, farther ont they become parallel to the ambitus; the same feature is seen in

the arrangement of the pores as seen from the outside of the test. (PL XII. Fig. 271.

Among the tubercles are seen some mostly rounded, sometimes irregular, glassy protuberances

about as large as the primary tubercles; they are only elevations from the test, not carrying spines or

pedicellarise. They are specially numerous on the actinal side (PI. XII. Fig. 26), and when seen under

the microscope are very conspicuous among the white tubercles on account of their smooth, shining

surface. On the abactiual side they are less numerous; such a protuberance is generally situated be-

tween the two pores of each pair of the petals, elongated in shape and with a distinct longitudinal

furrow in the middle. (PL XII. Fig. 22.)

The spines are short, making a dense clothing. The primary ones, about 0-5
—

07""" long, are

slightly tapering, densely serrate, except at the base (PL XII. Fig. 19); those around the peristome are

curved. Generally they are a little thicker in the middle, as seen in the figure cited; sometimes they

are distinctly widened in the outer part. The point is generally worn off. As pointed out by A gas si z

those on the actinal side are somewhat longer than the abactiual ones. The miliary spines (PL XII.

Fig. 9, 18) are only about half the size of the primary ones, a little widened in the point, which forms

a sort of crown, the endcrowu of de Meijere, to whom belongs the merit of having shown the

great systematic importance of the structure of the spines, especially the miliaries, in the Clypeastroi-

dea. ( Siboga -Echinoidea. p. 113). The longitudinal ribs are slightly widened above with the edge

finely serrate, sometimes almost smooth. The small radial plates in the crown are simple or with a

few (2, sometimes 3 or 4) dentations. It is worth noticing that, when the living animals are put in

alcohol, the spines turn intensely green; this holds good also for several other Clypeastrids, if not

for all of them.

The pedicellarise are represented by three kinds, viz. ophicephalous, tridentate and triphyllous.

The ophicephalous pedicellarise (PL XII. Figs. 4, 6) are small and rather simple in structure: the blade is

narrow, elongated, widening a little in the outer part; the edge is somewhat densely serrate along

the whole length. There is no distinct basal part; the articular surface is very strongly developed,

the three valves articulating so closely together that it is almost impossible to separate them with-

out breaking (in Ech. grandiporus the valves separate easily). In one of the valves the arc is very

large; another has the arc prolonged into a long thornlike process, which goes through the hole in

the large arc; its point is more or less bent. The third valve has the arc very slightly developed, with

no process. (Comp. PL XII. Figs. 8, 11, 12 of Ech. grandiporus). This structure is well seen in the figure

given by Cuenot (op. cit. -- he wrongly names it a tridactyle pedicellaria); de Meijere also gives

a description of it (op. cit. p. 108). The head articulates directly with the upper end of the stalk,

the large arc resting on the cup-shaped upper end of the stalk, attached by some muscular fibres to

the bottom of the cup, as shown in Cuenot's figure. The stalk is comparatively very robust, almost

hourglass-shaped, in the middle part it consists of compact calcareous substance, at both ends it is

of the common, looser structure. These pedicellarise are especially numerous on the actinal side,

behind the anal area. - The triphyllous pedicellaria; (PL XII. Fig. 20) are very small, the head not

more than ca. o-c>4
ram

; the stalk is like that of the ophicephalous pedicellarise, only much more slender
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and not cup-shaped at the upper end; the neck is well developed. The blade is coarsely dentate along

the whole edge; the lower part of the blade is very narrow, forming a small tube. The basal part is

not distinctly developed, the articular surface is broad aud well developed. Some larger forms, very

similar to these, might also be termed triphyllous pedicellarke, but from analogy with the Ech.grandi-

ponts described below, in which species there can be no doubt that these are tridentate pedicellarke,

the larger ones may also be termed tridentate in pusillus. (PI. XII. Fig. 23). The blade is more elong-

ated than in the triphyllous; the edge is serrate, the serrations on the point being the larger, often

considerably larger than in the one figured; the basal part as in the triphyllous. Size ca. o -o8—o-oo,""
11

.

The buccal membrane does not contain any plates or spicules; the same holds good for the

internal organs. The genital organs are much branched aud interlaced, but apparently not anastomos-

ing, forming a broad ring. The axial organ shows some distinct swellings. The madreporic plate has

on the inside a deep and large impression for the axial organ and the ampulla.

The largest specimen of this species seen by me is 15""™ in length. The size 9 lines (20mm )

given in Zoologia Danica (loc. cit.) seems hardly correct. It is very variable as regards the shape of

the test. This has caused older authors ( L. Agassiz, Forbes) to distinguish a number of species

based almost exclusively on differences in the shape of the test, viz. among the recent forms: E. pu-

sillus, angulosus aud tarentinus, besides a number of fossil species from the Tertiaries. Philippi (op.

cit.) has first pointed out that these differences are unreliable for specific characters, since all the dif-

ferent forms may be found among specimens from the same locality. Philippi and all the later

authors after him (except Forbes) therefore regard all the recent forms from the European seas as

one species including also several of the fossil species . I quite agree with this, and might further

add as synonymous the E. hispidulus Forb. and E. ovifonnis Forb., both from the Crag, examples of

the same shape as these occurring likewise among the recent specimens.
— Forbes further disting-

uishes no less than six different varieties of Ech. pusillus, all of which, he agrees, may be taken in

one localitv at the present day . It is evident that all these forms cannot rank as varieties
, they

represent merely individual variations in the shape of the test. -
Perhaps the specimens from the

Fasroe Islands mav rank as a distinct variety. On comparing them with specimens from the Kattegat

and the Mediterranean I find that the number of pores is upon the whole a little smaller in the former

(cotnp. the tables given below, p. 34); but it is no constant feature, specimens from the Fseroe Islands

occurring with as large a number of pores as is generally found in the specimens from the Kattegat. The

shape of the test is upon the whole more elongated than in the specimens from the Kattegat; also, the

primarv spines are generally somewhat less serrate than those of the typical form, sometimes even quite

smooth ones mav be found. — The specimens from the Limfjord may also be distinguished as a local

form, remarkable for the close tuberculation. — The Mediterranean form I am unable to distinguish as a

separate varietv: they closely agree with the specimens from the Kattegat. The same holds good for

the specimens from the Azores.

This species was taken by the IngolF at St. 86 (Brede Bugt, Iceland, 7 dead tests). At the

Westmanoer, Dr. A. C. J oh an sen has taken 4 dead tests (30 fathoms); in the Zoological Museum is

found further an old dead test from Reykiavik. These are, so far as I know, the only specimens of

Echinocyamus pusillus known from Iceland; it thus seems that the species does not live there now,
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and Iceland must accordingly for the present not be named among the localities of this species. At

the Freroe Islands I have taken (in 1899) enormous quantities of dead tests together with some living

specimens; thus in ca. 150 fathoms, 13 miles W. by S. of «Munken (at the South End of Sudero) I took

in one dredging 672 dead tests and only 14 living specimens; in ca. 70 fathoms, 9 miles E. S. E. of

Bispen (at the north end of the islands) one dredging gave 50 dead tests and 2 living specimens.

At these localities also enormous quantities of dead mollusc-shells and very few living specimens

were found; they may with full right be termed submarine shellbanks '.

For the rest, Echinocyamus pusillus occurs from Northern Norway, along the European coasts,

in the British Seas, the Mediterranean, at the Azores and along the African Coast down to Cape Bojador

(Doderlein. Op. cit. p. 234). The bathymetrical distribution is from o— ca. 400 fathoms, the greatest

depth from which the species is hitherto known with certainty being S35 meters (6i° 7' Lat. N. 9 30'

Long. YV. - Thor 1904). The fairly numerous records of its occurrence at greater depths (down to

(800— 1000 fathoms) are, so far as I have been able to ascertain, all based on wrong identifications, as

shown below. (A pair of small, old dead tests of Ech. pusillus from a depth of 1290 M. (Lat. N. 38
c

Long. W. 30°) do not prove that the species lives at so great a depth.)

According to Professor A. Agassiz, whom all the later authors follow in this, Echinocyamus

pusillus is found also on the American side of the Atlantic, viz. at Florida and the West Indies (Gulf

of Mexico, Caribbean Sea, Brazil) at a depth of 75
— ca. 800 fathoms

(
i most abundant between 150 and

400 fathoms . Blake -Echini, p. 40). It is also recorded from 5 fathoms at Salt Key (Pourtales); but

since Professor Agassiz himself owns to have at first mistaken young Clypeasters (Stolonoclypus) for

Echinocyamus (Rev. of Echini p. 304), it may perhaps be allowed to suggest that the specimens from

Salt Key are also really young Clypeasters, this Echinocyamus having nowhere else been recorded

from less than 75 fathoms. The fact that Ech. pusillus is not known (living) from Iceland, Greenland

and the American Coast north of the Florida Strait makes it beforehand doubtful, whether the American

form can be really identical with the European species (though, of course, it is not impossible, other

instances of species occurring both at the West Indies and in the Mediterranean being well known |.

A close examination of specimens from the Blake , the Albatross and the Challenger (St. 122),

respectively in the U. S. National Museum, the Museum of Yale College and the British Museum has

fully confirmed my doubt. These specimens differ from Ech. pusillus in so many important features

that there can be no doubt of their forming a very distinct, new species. I am especially indebted to

Professor Rath bun for sending material of this species for study to Copenhagen.

Echinocyamus pusillus is further recorded from a depth of 1300 M. from the Azores (Koehler.

(

(p. cit. p. 24) and from 1694 M. at Cape Verde (Doderlein. Op. cit. p. 234). Having seen that the Ameri-

can specimens were not really Ech. pusillus I felt some doubt, whether the specimens from such great

depths might not prove identical with the American species, and I therefore applied to Professors

Doderlein and Koehler for permission to examine the specimens from these localities. With their

usual great liberality they gave their permission; Professor Koehler even sent me all his rich ma-

terial of Echinocyamus, and Professor Chun, besides allowing me to parti y denude the only specimen

1

Couip. A. C. J oh an sen: Om Aflejringen af Molluskernes Skaller i Indsoer og i Havet. Vidensk. Medd. t'ra Natur-

lnst. Foren. Kjobenhavn. 1901. p. 30.
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from the deep station off Cape Wide, lent me the coloured figure made on board the Yaldivia» from

the living animal. Further, Professor Theel sent me all the material of Echinocyamus from the Jo-

sephina -Expedition. I wish here to express my deep gratitude to these gentlemen for their great

liberality. I have also received two specimens of Echinocyamus pusillus from the Paris Museum from

the Travailleur (or Talisman
) 2100 M. The result of a careful study of all this material has

been that most of these specimens proved identical with the American form, and that yet a third

species is represented by some specimens from the greater depths, whereas the true Echinocyamus pu-

silliis is only found among those from more shallow water. The two new species are described here

under the names Echinocyamus grandiporus and Ech. macrostomus.

Echinocyamus grandiporus n. sp. The shape of the test (PI. XII. Figs. 1, 5) is, as a general

rule, more rounded than in pusillus, scarcely broader at the posterior than at the anterior end, which

is almost invariably the case in the latter species. Also the height of the test is generally a little

larger than in pusillus. On account of the great variability in pusillus. the shape of the test cannot,

however, afford any very reliable character, the more so, as some variability occurs also in grandiporus

in this respect, though not so much by far as in pusillus.

The madreporic plate is a little elevated and generally somewhat larger than in pusillus : the

peristome and anal area are generally not larger than in that species. The anal area is small, a little

nearer the edge of the test than is the case in pusillus. The peristome may be more or less pentagonal;

the edge is only slightly bent inwards, and the whole actinal side is more flat than is generally the

case in pusillus. The apical system presents a conspicuous difference from pusillus. The ocular pores

are very large, as large as or even a little larger than the genital pores; the 4 genital pores and 5

ocular pores form together a conspicuous circle or pentagon round the madreporic plate with its one

madreporic pore in the same position as in pusillus. (In one instance I have found a genital pore

developed in the odd posterior interambulacrum). This feature makes a very easily observable char-

acter distinguishing this species from pusillus; in accordance herewith it ma}
- be said almost with

certaintv that the Fig. 3. PI. XI. e in Revision of Echini- is the true pusillus. whereas those figured

on PI. XIII. 1—8 are grandiporus, which is also seen by an examination of the number and arrange-

ment of the ambulacral pores in these figures.
— It will be noticed that in the Fig. 6. PI. XIII of the

. Revision 5 verv small pores are represented between the five large ocular pores in the place of

the genital pores. I have myself seen a specimen, 5-5
mm in length, in which the genital openings are

much smaller than the ocular pores. The figure mentioned may thus well represent such a specimen;

the presence of 5 genital openings may, of course, be possible, since it can be found among specimens

with the genital pores of the usual size; but, in any case, if the figure be correct, it represents an

abnormal individual. The shape of the petals in this figure is, otherwise, not in accordance with what

is generally found in grandiporus. so that it seems probable that the differences shown in this figure

from other specimens of grandiporus are due to incorrect drawing. The small size of the genital pores

in the case mentioned will probably be due to an abnormal late development of the pores. That the

specimens with the small pores should represent the males is very unlikely; in that case their

number would certainly be considerably larger.

The Ingolf-Expedition. IV. _. 5
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Table showing the number of pairs of pores in the petals of Echinocyamus pusillus and grandiporus.

Echinocyamus pusillus. Echinocyamus grandiporus.
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The petals are considerably shorter and less developed than in pusillus, the number of pores

being almost double in the latter species, when comparing specimens of a corresponding size of

the two species, as is easily seen from the table given and from a comparison of figures 5 and 31.

PI. XII. The pores are somewhat smaller than in pusillus (those of the inner series smaller than

those of the outer series), with no distinct glassy protuberance between the pores of each pair; the

pairs are also more oblique and more distant than in pusillus. It is further a conspicuous feature

that the petals are converging outwards, the two series of each petal being more distant at the inner

end - likewise a very conspicuous difference from pusillus. (Comp. Figs. 5 and 31. PI. XII). (In one

specimen, S-s""" in length, the petals are quite irregular, consisting of some few, scattered pairs of

pores; only the right posterior petal is almost normal. Also the genital and ocular pores are quite

abnormally placed in this specimen). There is further a considerable difference from pusillus in the

number of the small ambulacral pores; on the actinal side they are arranged only in a single series

along each horizontal suture, except in the two inner pairs of sets, in which they form, more or less

distinctly, two series. This is the case also

in the largest specimens seen, g
mm in length.

On the abactinal side they are arranged as

in pitsillus. only I have been unable to dis-

cern with certainty such pores within the

petals. The genital pores I have found de-

veloped in a specimen only 2
-8mm in length;

on the other hand I have also seen a speci-

men of 4
mm

length with as yet no traces of

genital openings. Large genital papilla? may

be developed.

The tuberculation is somewhat less

close than in pusillus, and the glassy protube-

rances among the tubercles are likewise less numerous, but, on the other hand, they are more promi-

nent being considerably higher than the primary tubercles; they are striated, ending in a knob, almost

like the mamelou of a tubercle, which is, however, not perforated, since no spine is articulated to it.

(PI. XII. Fig. 14.) This seems, however, to be a rather inconstant feature, and in any case it is very

indistinct in less well preserved specimens.

The supporting ridges of the interior of the test (PI. XII. Fig. 3) are less strongly developed

than in pusillus. not proceeding to the auricles as in the latter species, but ending some way out-

side the auricles, which are also more distant from the edge of the peristome than in pusillus. (Comp.

PI. XII. Fig. 3 and 29.) It will be seen that the figure given in Revision of Echini PI. XIII. 7 is

much more in accordance with the figure given here of grandiporus than with that of pusillus. though

not quite agreeing with this figure either. The depressions along the ambulacral sutures are much

less prominent than in pusillus.
— In accordance with the place of the auricles the dental apparatus

is considerably larger than in pusillus, as shown in Fig. 2, which represents the dental apparatus of

specimens of j
mm

length of pusillus and grandiporus. Both agree in having it unequally developed

5*

Fig. 2. Dental apparatus of Echinocyamus, 7mm.
a Ech. grandiporus, b Ecli. pusillus. 17/1.
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the pyramid (5) of the odd posterior interambulacrum being considerably larger than the others. (Comp.

Loven. Echinologica. p. 69).

The spines are a little longer than in pusillus, the largest being ea. imm
,
and more slender.

Thev are provided with only a few serrations and end in rather a slender point. (PI. XII. Fig. 15.) The

miliary spines are only abont one third as long as the primary ones. They are a little slenderer than

those of pusillus. often slightly serrate near the upper end. The endcrown is a little larger than in

pusillus; the longitudinal ribs are more widened at their upper end, almost joining with their edges,

and the radial plates are larger and broader, generally with 4—5 serrations, sometimes in a double

series. (PI. XII. Figs. 10, 16). — The pedicellarise also differ rather considerably from those of piisillus.

The ophicephalous pedicellariae differ from those of pusillus in having fewer serrations along the edge

of the blade, otherwise the shape and structure is the same as in that species. (PI. XII. Figs. 8, 11—
13).

The tridentate pedicellariae (PI. XII. Figs. 25, 28) are gradually narrowed towards the articular surface,

whereas in pusillus they narrow abruptly at the lower end of the blade. The triphyllous pedicellariae

(PI. XII, Fig. 21) have a much broader blade than in pusillus, and the edge is much more closelv ser-

rate; they are very small, the head only ca. o -

04
mm

.
— The buccal tube-feet are not distinctly larger

than the other actiual tube-feet. Spicules are wanting as in pusillus.

To this species so well distinguished by its large ocular pores, little developed petals, few

actinal pores, as well as by its spines and pedicellariae, belong all the specimens of Echinocyamus

pusillus from the Blake and Albatross which I have seen (viz. from Blake St. 5 and 239,

Albatross; St. 2352, 2666 and 2668), as well as the specimens from the Challenger St. 122 (examined

in the British Museum); a pair of specimens dredged by myself in 500 fathoms off Frederiksted, St.

Cruz, also belong to this species. Probably all the specimens of Echinocyamus recorded from the West

Indies and Florida (and Brazil) under the name of pusillus
• will turn out to belong to this species

(and perhaps partly to the following species). In any case the existence of Eel/, pusillus in these

regions must remain doubtful, until by renewed careful examination it is proved beyond doubt to

exist there besides Echinocyamus grandiporus. I have further seen rather numerous specimens of this

species from the Azores from depths of ca. 100—700 fathoms (1365 m.) and from the Josephine Bank

(no—430 fathoms).

The occurrence of this species on both sides of the Atlantic is in good harmony with the dis-

tribution of other Echinoids, e. g. Gcnocidaris macu lata, Cidaris affinis a. o. — and likewise it would

not be contrary to these facts of geographical distribution, if Eel/, pusillus should turn out to occur

in the West Indian Seas; it must only be emphasized that it cannot be considered as an established

fact, before the specimens of grandiporus (and possibly also of macrostomus) are distinguished from the

true pusillus by renewed examination.

Echinocyamus macrostomus n. sp. The shape of the test (PI. XII. Figs. 17, 24) is very like

that of grandiporus, a little more elongated, but not so much that it can be relied upon as a specific

character. The peristome is generally very large; there is, however, some variation in this respect,

but I have always found it considerably larger than in specimens of grandiporus of a corresponding

size. The edge of the peristome is not incurved; the buccal membrane is devoid of spicules as in the

other species. The anal opening is generally larger and nearer the edge of the test than in grand/-
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porus. The apical system differs from that of grandiporus in the ocular pores being much smaller than

the genital pores as is the case in pusillus. The madreporic plate is generally larger than in grandi-

porus. otherwise it is elevated as in that species and the genital pores are likewise covered with long

genital papilla;. Also in this species I have seen one specimen with 5 distinct genital pores. The pe-

tals are very slightly developed, even scarcely so much as in grandiporus, as seen by the following

table. The genital pores I find developed in the specimen of 4™'", while in that of \2™m they have

not yet appeared and in the specimen of 4-8
mm

(the one figured) only the anterior pair is developed.

As regards the arrangement of the actinal pores, the tuberculation, the structure of pedicellarite

and spines as well as the internal structure of the test I do not find any reliable differences from grandi-

porus. (PI. XII. Figs. 2 and 7 represent an ophicephalous and a triphyllous pedicellaria of this species.)

The colour of the living animal is, according to the sketch made on board the Valdivia ,

green; there are ten darker radiating bands, answering to the bands of tube-feet, the intermediate

spaces having a slight yellowish tint; around the peristome there is a darker pentagon, radiating a

little into the ambulacra.
Number of pairs of pores in Eclmio-

To this species belongs the specimen referred to Echinocya- cyamus macrostomtis.

nuts pus/llits from the German Deep-Sea Expedition, St. 37, 1694 m.

1 off Cape Yerde. Doderlein op. cit. p. 234), and the two specimens

from the Travailleur 2100 m., which I received from the Paris-

Museum. Further, among the specimens sent me by Professor

Koehler two specimens from 37 54' Lat. N. 27° 3' Long. W. 2178 m.

(off the Azores), three specimens (the Azores, 1360 m.), one living speci-

men and some dead tests from 32 Lat. N. 16 Long.W. 2286 m., and one

specimen from 39/ Lat. X. 32 Long.W. 1600 m. belong to this species.
—

The species is then evidently a more abyssal species than grandiporus.

I have been in considerable doubt as to whether this form ought to be established as a sepa-

rate species or not. It is beyond doubt that it is very closely related to Ech. grandiporus, from which

species it is distinguished only by the small size of the ocular pores and the large size of the peri-

stome, other small differences being too inconstant to be relied upon as specific characters. The

two features pointed out are, however, so conspicuous and so far as my experience goes constant,

that it seems quite necessary to keep this form separate, as the bathymetrical distribution seems also

to indicate its specific difference from grandiporus. Otherwise it is evidently of no great importance

whether it is regarded as a variety only of the latter species or as a separate species; the main thing

is that it should not be merely confounded with the typical grandiporus — not to mention pusillus

with which it was hitherto confounded, but to which it is not so nearly related.

Perhaps yet another species of Echinocyamus will prove to occur in the Atlantic. Among the

specimens from the Josephina and among those from the Azores sent me by Professor Koehler

there are a few small specimens, which look rather different from the other species. They agree with

pusillus in the shape of the test, the small size of the ocular pores and in the petals. But the pri-

mary tubercles are larger than is generally the case in pusillus. and the scrobicular area is more

deepened. Further, it may be noticed that the tubercle is placed excentrieally at the anterior side of

Size
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the scrobicular area. Miliary tubercles are scarce, the primary ones leaving but little room for them.

Perhaps these curious small specimens represent merely an individual abnormality; from the few

small naked tests to hand it is impossible to decide the question.

In his Note sur le genre Echinocyamus ' Lambert calls attention to the fact that the

species figured under the name of Echinocyamus bv van Phelsum 2 are not of the flat form to

which the name is now applied, but of the high form which is designated by the name Fibularia

Lamarck. Accordinglv these two names should be exchanged and used in a way contrary to what

has for so very long been the general use. Pour rejeter mes conclusions il faudrait a la fois attribuer

seulement a Leske, et malgre mi, la paternite du genre Echinocyamus, prendre pour type de ce genre

tine forme que le savant commentateur de Klein n'y rattachait que d'une facon accessoire et exclure

du genre Fibularia la seule espece authentique que Lamarck y ait placee. Triple resultat qui me

parait inadmissible. (Op. cit). Cotteau' objects thereto that, since the specimens of v. Phelsum

had been collected in America and the Adriatic Gulf, flat forms must have been among his species ,

as des Fibularia, propres a la mer des Indes, n'ont jamais ete rencontres sur les cotes de l'Amerique

et encore moins dans le golfe Adriatique, ou abondent les Echinocyamus . Further, the figures given

by v. Phelsum laissent assurement a desirer; dans le grossissement elles sont pour la plttpart ren-

flees d'une maniere exageree». Autant il nous parait necessaire, lorsque les faits sont positifs et

indiscutables, de revenir an prmcipe de ranteriorite, qui doit toujours etre respecte, autant il serait

daugereux, qttand la question est dottteuse et sttjette a controverse, d'adopter des modifications qui

n'auraient d'atttre resultat que d'apporter tine grande perturbation dans la nomenclature et de compliquer

la synonymie . Also de Loriol** agrees with Cotteau in this question, and I for my part cannot

see, but that Cotteau and de Loriol are right. The figures of v. Phelsum are, indeed, so bad and

quite unlike either the flat or the high form, that they seem to me quite insufficient to support

such an extremely unhappy change of names. The fact that some of his specimens came from the

Adriatic is a proof that the flat form was among his species ,
and some of the figures also seem to

represent this flat form. The figures in the two first columns are indeed, in my opinion, much more

like the flat forms (except the two first figures, which are, however, still less like the elongated Fibii-

iaria-iorms); those in the third column (side views) are somewhat more like the high form, though

always very badly representing the true shape of the test of the high forms; the figures of the end-

views of all his 14 « species are so very much alike that it would be impossible to point out which belong

to the flat and which to the high form. Lambert, indeed, thinks that all his figures represent only

fourteen scarcely different specimens of a single species. After all it seems to me that the only thing

which is certain in this question is, that the flat form is represented among van Ph els urns species,

and being from the Adriatic Sea (as van Phelsum himself states p. 36) it must even be Echinocya-

mus pusillus, the only species found there. Whether the high form is really represented by any of his

species must remain doubtful, though by a mere glance at his figures one might at first be induced

1 Bull. Soc. geol. de France. 3 Ser. XIX. 1891. p. 749.
2 Brief aan Cornelius Nozemau over de gewelw-slekkeu of Zee-Egelu. 177).

3 Paleontologie Fraucaise. Terrain Tertiaire. II. Hchinides. 1894. p. 349.

4 Notes pour servir a l'etude des Echinodermes. V. 1897. p. S.
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tn refer them all to the high form. Only in case all the species of v. Phelsum were beyond donbt

of the high form, would it he necessary to change the names Echinocyamtis and Fibularia; hut this

is so far from being the case that perhaps they all really belong to the flat form. Accordingly it

would not only be a very unfortunate thing to change the names Echinocyamus and Fibularia. but it

would even be wrong and contrary to the rules of priority to do so. It may be considered as certain

that Echinocyamus pusillus is among the species of van Phelsum, since some of his specimens

came from the Adriatic, and if Lambert is right
- - as I think he is — in regarding all the 14

species of Echinocyamus figured by van Phelsum as one species only, they are all Echinocyamus

pusillus. I agree that from the three last columns of the plates in van Ph el sum's old book and —

perhaps
— from some of the descriptions it might seem to be the high form which is represented;

but the two first columns in any case resemble much better the flat form, and above all the locali-

ties given by van Phelsum prove definitely that they cannot represent the high form, because only

flat forms occur in the Adriatic and at America. It is then only the bad drawing which makes the

figures in the three last columns (sidewiew, endview and from below) look like the high form. But to

ascribe such importance to some evidently quite impossible figures as to found thereupon a most

unhappy change of names universally used, against the (in this case) quite certain deduction from the

localities, seems to me unjustifiable, and I must protest against such a proceeding with all my force.

Suborder Meridosternata.

Fam. Urechinidae.

19. Urechinus naresianus A. Ag.

PI. VI. Figs. 10— 11. PI. VII. Figs. 6, S, 13, 15. PI. IX. Figs. 4, 8—9, 15—16, 18. 21. 26. 29-39.

A. Agassiz: Challenger -Echinoidea. p. 146. PL XXIX. Figs. 1— 4. PI. XXX. XXX a. Figs. 1—4.

PI. XXXIX. Figs. 29
—

30. PI. XL. Figs. 56
—

58.
- Blake -Echinoidea. p. 52. PI. XXVI. 1— 3.

- - Pauamic

Deep-Sea P^chini. p. 156. PI. 58. 5. 60.4— 5. 74.6— 8. — Loven: On Pourtalesia. p. 90. PI. VIII. 56. PI.

XXI. — Duncan: Revision of the genera of Pvchinoidea (132) p. 211— 12. — Bell: Echinoderma found

off the Coast of South Africa. I. Echinoidea. (Marine Investigations in South Africa. III. 1904.) p. 173.

The structure of the test of this highly interesting Echinoid has been so well worked out by

Agassiz and Loven that very little can be added in this respect. I only wish to call attention to

the fact that the inner edge of the plates round the peristome is somewhat thickened (Fig. 3) as

pointed out for Cystechinus by Agassiz. (Comp. e. g. PL 78. 5. Panamic Deep-Sea Ech.) The irregularity

in the specimen figured PL VI. Fig. 10, the plate II. b. 3 having two pores, 4 none, is worth noticing,

though, of course, only an individual abnormality.

The rich material from the Ingolf includes some young specimens, so that I am able to give

some information of the changes due to growth in this species.

The youngest specimen taken by the Ingolf is 3
mm in length. Unfortunately it is impossible

to find otit the relations of the apical system in this small specimen; on account of its extreme frag-

ility I have been unable to remove the spines completely without destroving the test, and I have not
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Eig. 3. Ureckinus naresianas.

Peristome and adjoining part
from the inside. '-

1.

succeeded in making clear the limits of the plates, either by treating it with alcohol-glycerine, mount-

ing it in Canada balsam or drying it. The most prominent feature of the specimen is the position of

the anal area, almost iii the middle of the abactinal side. The subanal fasciole is faintly indicated;

the spines are rather long, equalling in length the diameter of the test.

The pedicellaria; are like those of the adult specimens, viz. the globiferous

and small ophicephalous (see below), other kinds not being found. The

peristomial tubefeet are already penicillate.

The next size represented is yz)

mm in length. Here the anal area

has reached near to the posterior end of the test, three pairs of plates

being developed above it in the unpaired interambulacrum
;
the ventral

side, however, projects still a little beyond the anal area, the posterior

end of the test thus sloping a little downwards and outwards, whereas in

later stages it is vertically cut, and in grown specimens the posterior end

slopes downwards and inwards, the abactinal side projecting over the anal

area, till at last the anal area is almost on the flat actinal side. The fi-

gure 4 shows the position of the anal area in the different stages.
— The plastron and bivium in

this specimen of j-^
mm has upon the whole the same form and relations as in the grown specimens.

The subanal fasciole is distinctly developed. The apical system is essentially as in the grown

specimens. — In the next stages I find no important changes to

notice. Thev become °fraduallv hi°;her, however, there is a rather

great variation in the height in grown specimens, as remarked by

Agassi z. The displacement of the periproct gives the most promi-

nent change. The genital openings appear rather late ; I have not

seen them in specimens smaller than 22mm
,
but sometimes they do

not develop till later, thus there is no trace of them in a specimen

of 2j
mm

. The genital pores (three in all the specimens) are covered

by very conspicuous genital papillae.
- It may be noticed that the

plates show the same marks of growth and radiating ridges as de-

scribed and figured from Cystechinus Wyvillii by Agassiz (Chall.-

Ech. PI. XXIX. b. 9), though not so distinct as in that species; the

same feature has been made known for the fossil Echinocorys ciply-

ciisis by Lambert 1
.

The primary spines (PL IX. Fig. 30) are very slender, the

longest ones found are ca. 5
mm

; they are almost all broken on all

the specimens except the smallest, in which they are as long as the

diameter of the test. They are smooth in the lower part, somewhat

spinous in the outer part, terminating in a short, oblique thorn. Those of

the actinal plastron are, judging from the very few unbroken ones found, a little flattened at the point, but

not widened. The clavulse of the fasciole are like the miliary spines (PI. IX. Fig. 31) covering the ab-

CD
7. .>" m m

/Jmm

Fig. 4. Outlines in profil of different

stages of Urechinus naresianus, show-

ing the change in the position of the

anal system.

1 Etude nionographique sur le genre Echinocorys. (Mem. Mus. R. d'hist. nat. de Belgique. II. 1903. p. 28.
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actinal side, only a little shorter and clad with a thicker skin. The spines upon and around the peri-

stome are somewhat clubshaped (PI. IX. Fig. 39); the base of the primary spines is rather large; it

seems somewhat exaggerated in the Chall. -Ech. PI. XXX. Fig. 20 — the Fig. 21 of the same plate,

representing a miliary spine, according to the explanation of the plate, it is better not to speak of.

In the specimen of 7-5
mm the primary tubercles form, on the abactinal side, an almost regular

vertical series in each row of plates, the tubercles being placed in the middle of the plates. In later

stages other tubercles grow larger than the primary ones, thus obscuring the vertical arrangement,

and it even sometimes looks as if the true primary* tubercles have become resorbed'.

In grown specimens the arrangement of the large tubercles is quite irregular, as described by

Agassiz. In the Challenger -Ech. p. 147 Agassiz remarks that in some specimens there may be

rudimentary bourrelets. I have seen the same thing. The Figures 10 and n, PL VI represent the

actinal side of two specimens, one with a very distinct bourrelet, the other with scarcely a trace of it.

Also in U. giganteus this feature is found (Panamic Deep-Sea Ech. p. 155) though not so distinctly

developed, judging from the figure (PI. 73. 1) to which reference is made.

The tube-feet may be quite devoid of spicules, or with a single series of simple, somewhat spinous

rods with rounded ends (PI. IX. Fig. 8) in the actinal, penicillate tube-feet as well as in the simple

abactinal feet; in the lower part of the tube-foot they are generally more irregular, more or less

branched. The peculiar fenestrate rods of the filaments have been figured by Loven (On Pourtalesia.

PI. VIII. 56); they are, however, less fenestrate than shown there. No supporting skeletal plates are

found below the rods of the filaments in the actinal tube-feet. The frontal tube-feet are simple, without

a sucking disc (rosette), not differing from those of the other ambulacra. No large, specially developed

subanal tube-feet.

Two sorts of pedicellarise are figured by Agassiz (Challenger: -Ech. PI. XXX. 22—24), yv/ -

tridentate ( large trifid longstemmed pedicellarise*) and ophicephalous (<shorter roundheaded pedi-

cellarke , in the explanation of the plates called clubshaped pedicellarise with heavy-stemmed articula-

tion |. I find five different kinds of pedicellarise in this species, viz. globiferous, tridentate (two sorts),

triphyllous and ophicephalous pedicellarise.

The globiferous pedicellarise (PI. IX. Fig. 35) have a rather conspicuous cap of evidently glan-

dular skin, thickening especially over the point of the valves. The latter (PI. IX. Fig. 9) are very char-

acteristic; the blade is a closed tube ending in a large opening surrounded usually by nine long,

slender gracefully curved teeth, one of which is median in the outer edge. The basal part is large,

rounded; no neck. The stalk consists of long, thin calcareous fibres, connected only above and below;

" Agass iz (Panamic Deep-Sea Ech. p. 153, 159—60, 166) has found such resorption to occur in Urechinus giganteus

and CystechinuS) as also in Palaopneustes and Linopnevstes; he sees therein a proof of «the constant struggle that must exist

for the deposition of needed carbonate of lime . . . The least disorder in the growing tissue of any part of the test evidently

affecting at once the active deposition of the carbonate of lime of that region . I may, however, remark that the tubercles

of these forms are very easily broken off. It is quite easy, as I have tried myself, in this way to produce all the different

stages of resorption figured by Professor Agassiz (especially PI. 86. 2). The suggestion therefore does not seem unreason-

able that at least part of what Professor Agassiz thinks to be the result of a resorption is, indeed, only the result of the

animals having been badly rubbed in the dredge or otherwise. That the empty place of such a primary tubercle may be

covered by a pigmented skin (as I have seen it very distinctly in a specimen of Pourtalesia Jetfreysi) is no proof of a res-

orption having occurred; it may as well be the result of some injury, by which the spine and tubercle was lost some

time before.

The Ingolf-Rxpedition. IV . 2. 6
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it may be very long, up to 3
,nm

(in a specimen from the Cape, German South Polar Expedition, it

reaches a length of 5
mra

). These pedieellariae are found almost exclusively on the abactinal side.

The tridentate pedieellariae, which occur mainly on the actinal side, are of two kinds; one of

them is rather slender, the head reaching scarcely a size of o-5
mm

. (PI. IX. Figs. 33—34, 36, 38). The

valves join in their outer half; the lower part is narrowed, sometimes even for some distance forming

a closed tube. There is, however, in this respect great variation; sometimes the valves join over

almost their whole length. The edge is distinctly serrate, and there may be a rather long tooth at

the point (in the Cape specimens, only slightly developed in the specimens from the Ingolf ). The

neck is well developed, the stalk compact. The other somewhat larger and coarser form (PI. IX. Figs.

15
—

16, 32) which mainly occurs on the actinal side and at the periproct has the basal part very

strongly developed, much larger than the blade; generally there is only a very slight narrowing be-

tween the basal part and the blade, sometimes, however, there is a rather deep sinuation. The edge

of the blade is very thick, finely serrate. There is a slightly developed neck, and the stalk is a little

widened at the upper end. This form, especially those with a deeper sinuation between the blade and

the basal part, reminds one very much of the short tridentate pedieellariae of Spafai/gas etc. That they

are really tridentate pedieellarite is evident from Cystechinus clypeatus, in which species all transitional

forms between such short coarse forms and the more slender forms are found. The triphyllous pedi-

cellarise have the blade a little elongate, finely serrate along the whole edge. (PI. IX. Fig. 26). They

are not distinctly different from small tridentate pedieellariae, in which the valves are hardly narrowed

in the lower part of the blade.

The ophicephalous pedieellariae are generally exceedingly numerous, sometimes literally covering

the test on the abactinal side. They are of the typical spatangoid form (PL IX. Fig. 18, 37); there is

no neck, the lowermost and largest arc resting directly on the cup-shaped upper end of the stalk.

The blade has a rounded deepening, the edges are thick, widened somewhat wingshaped, finely ser-

rate down to the apophysis, where they join. The basal part is narrower than the blade. The lower-

most arc has a small prolongation at the point. The edge of the cup on the upper end of the stalk

is simple, not deeply sinuate as in the figure in the Challenger -Echinoidea. — The sphaeridiae are

rather elongate, more or less spinous; they may proceed to the 4th ambulacral plate in the bivium.

Of the internal anatomy the figures 6, 8, 13 and 15, PI. VII give some information. There is a

well developed diverticulum and two siphones intestinales, the second, shorter one not separated from

the intestine. (In the Challenger -Echinoidea PL XXIX. b. 8 is figured the intestine of Cystechinus

Wyvillii, but neither diverticulum nor siphones are seen there. This would, indeed, be so very sur-

prising a difference between so nearly related forms that it may be allowed to suppose that a closer

examination will show these structures to occur also in Cystech. Wyvillii, and probably in all the Ur-

echinidas).
- The stone canal is directed backwards on its way to the abactinal side, then passing a

rather long way forwards along the abactinal side to the madreporic plate. The axial organ is very

inconspicuous. The genital organs are rather small; those in Fig. 6. PL VII are full of nearly ripe eggs

which are ca. o\4
mm in diameter.

This species was taken by the Ingolf at the following stations:
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specimens the fasciole is generally distinct, whereas in larger specimens it gradually becomes less

distinct on account of numerous small miliary spines, like those of the fasciole, developing between

the primary spines on the adjacent part of the plastron. Loven is scarcely right in maintaining that

the extension of plates I. a. 4 and V. b. 4 can in no wise be compared with the extension of plates I. a

6 x and V. b. 6. -\-x. in Prymnodesmic Spatangidae. It is a fact of importance for this question that

in Brissopsis (Toxobrissus) pacifica and the species elongata described below the first extended plate

is not the 6th but the 7th
— a case unknown to Loven 1

;
had he known this, he would probably not

have laid so much stress on the numero 6. I think it not unreasonable to conclude that, when the

subanal fasciole of the Prymnodesmic Spatangidae includes sometimes the plates I. a. 7 -j- x and V. b. 7

f- x instead of 6 + x (and nobody will doubt the homology of the fasciole and extension of plates in

this case), it may also be possible to regard a fasciole including only the extension of plates I. a. 4 and

V. b. 4 as homologous with that of the Prymnodesmic Spatangidae
2 — and that likewise will hold

good for the extension of this plate, in case the fasciole is wanting, whether it has disappeared with

age or was never formed. That only one plate extends so as to reach within the fasciole cannot be

against the homology. In the young Echinocardium cordatum likewise only one plate extends within

the fasciole, viz. the 6th, as is described below. The fact that only one plate extends within the fasciole

in U. naresianus thus evidently marks the fasciole of this species as being very primitive and of

an embryonal character. - - Otherwise, if it be right what Lambert (Etudes sur le plastron des

Spatangides) and de Meijere ( Siboga -Ech. p. 153) maintain that the Amphisterni have not devel-

oped from the Meridosterni, (and I, for my part, am fully convinced that they are right herein), the

fasciole evidently will have developed independently in each group, and it is thus not surprising to

find some differences in its relations in the two groups. Be that as it will, it is certain that the forms

without a subanal fasciole agree exactly with those provided with a fasciole in the structure of the

ambulacra of the bivium; there cannot be distinguished two groups, one without, the other with a

subanal fasciole, as was suggested by Duncan.

Nevertheless Duncan was certainly right in suggesting that Agassiz has confounded two

species under his Urechinus naresianus in the Challenger -Report. On an examination of the speci-

mens of Urech. naresianus in the British Museum I find that those from St. 158 are not really that

species; their globiferous pedicellarke differ so considerably from those of naresianus, that they can

certainly not belong to this species; they agree exactly with those of Cystcch. Wywillii (conip. below

p. 49). Probably these specimens will prove to belong to this latter species; since, however, Cyst. Lo-e,mi

and Urech. gigantens also have similar globiferous pedicellariae, I shall not try to decide to which

species these specimens really belong, but be satisfied with having shown that they are not naresianus.

As pointed out by Loven it is the 4th ambulacral plate in the series La and V. b which ex-

pands internally to meet the episternal angle, and this is a very constant feature. Among the nume-

rous specimens I have examined, I have found only two exceptions: in one case the plate I. a. 1 is

abnormally divided into two plates with one tentacle each, the plate with the episternal prolongation
«

1 Also in Micraster coranguinum there is some irregularity in this respect, it being the V. b. 5 which reaches the

fasciole according to the analysis of the test given in Novell's: Etudes. PI. XXXIII.
- In Urechinus giganteus it is the 6th plate which is extended (Panamic Deep-Sea Echini, p. 154. Fig. 221); no fasciole,

however, has been observed in this species.
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thus being number 5; in another ease it is the plate V.b. 5 which is expanded, but the 4th plate just

touches the episternal plate 5.
a. 3.

— Now on the Figure 2, PI. XXX. a of the Challenger -Echinoidea

it is seen to be the 5th or 6th plate which thus expands; neither is the fig. 9 on this plate in accord-

ance with the rule. This would seem to prove that the specimens represented in these figures cannot

be naresianus (Agassi z also doubts himself, whether the specimen represented in Figs. 1—6 is cor-

rectly referred to ('. naresianus ( Chall. -Ech. p. 147) and since in U. giganteus it is the 6th ainbula-

cral plate which expands, the suggestion lies at hand that they belong perhaps to this species. On a

careful examination of the specimen represented in Figs. 1—6, however, I find the plastron of the

same structure as in naresianus, the 4th ambulacral plate being expanded. The difference in the struc-

ture of the plastron from the normal condition shown in PI. XXX. a Fig. 2 is clue to incorrect drawing.

1 It is beyond doubt that it is really the specimen, figured in the quoted figures, which I have examined;

it quite agrees otherwise with the figures, and also the size agrees
— it is ca. 2Smm in diameter, and

the figures represent it twice magnified; it is from St. 146.) That this specimen is only an abnormal

U. naresianus, as stated by Agassiz (op. cit. p. 148), I think quite certain. — As for the figure 9.

PI. XXX. a. it is so indistinct in the delimitation of the plates that it is certainly allowable to suggest

that it is also incorrectly drawn.

The specimens from St. 302, which I have likewise examined in the British Museum, differ

somewhat from the Atlantic specimens of naresianus in regard to the pedicellariae. The ophicephalous

pedicellariae (PI. IX. Fig. 4) have shorter and broader valves, and likewise the coarse form of tridentate

pedicellariae (PI. IX. Fig. 21) is somewhat different, being more slender than in the Atlantic specimens.

On the other hand, the globiferous pedicellaris are like those of naresianus, and likewise the structure

of the plastron is the same. Perhaps on a careful comparison with the Atlantic specimens this form

will prove to be a distinct species; the differences in the pedicellariae pointed out here are, however,

certainly too small for founding a new species upon them alone.

The geographical and bathymetrical distribution of U. naresianus has thus to be somewhat

restricted; it is stated in the Challenger -Report (p. 218) to occur, from Marion Island to Kerguelen

to Australia; Juan Fernandez to Straits of Magellan; Caribbean Islands
,

at a depth of 1200— 1800

fathoms (on p. 255 it is stated to occur at 422 fathoms at the Caribbean Islands). In reality the species

is as yet known- with full certainty only from the Atlantic and off South Africa (Marion Island), from

depths of 422
—

1715 fathoms.

A few remarks may be given here on Urechinus giganteus Ag., which I had occasion to exa-

mine in the U. S. Xational Museum, only some fragments, to be sure, but determined by Professor

Agassiz himself. (Albatross St. 3431.) The structure of the test has been most carefully worked out

by Agassiz (Panamic Deep-Sea Echini, p. 152), but no mention is made there of the pedicellariae.

Thev prove to be very characteristic. The globiferous pedicellariae (PI. IX. Figs. 2, 6) differ considerably

from those of naresianus; the blade is an elongate, rather thick tube, which has a large, oval opening

on the inside at the point, with 1—3 slender teeth on each side at the outer end; the basal part is

comparatively small. The valves are invested with a thick skin, not especially thickened over the

point, as is the case in //ares/anus. (Probably there will be some kind of glands within the large

tube). The stalk as in naresianus. The ophicephalous pedicellariae are somewhat more elongate, the
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basal part less developed and the blade more rounded than in naresianus; also the arrangement of

the teeth along the edge is somewhat different. (PI. IX. Fig. u.) The tridentate pedicellarise (PI. IX.

Figs. 25, 27), both larger and smaller forms, are more open than in narcsiamts: (I have seen nothing corre-

sponding to the coarse form of tridentate pedicellarise); also the triphyllous pedicellarise (PI. IX. Fig. 12)

differ a little from those of the former species, being a little broader. — The miliary spines are like

those of naresianus; the primary spines are smooth in the lower part as in that species; if the outer

part is also as in naresianus, I cannot say, having seen only broken spines.

The genus Cystechinus is evidentlv verv nearly related to Urechinus; in fact, I am unable to see

how to distinguish these two genera, as hitherto understood. The diagnoses of the two genera in the

Challenger; -Report (p. 146, 148) do not preciselv indicate the differences; the only distinguishing character

which may be gathered from these descriptions of the genera is sthe rudimentary auricles, the raised

edge of the actinal opening mentioned for Cystechinus. This feature, highly interesting indeed and

important from a morphological point of view, as pointed out by Agassiz, is, however, found fully

as distinctly developed in Urechinus narcsiamts (Fig. 3). This character cannot thus be used for dis-

tinguishing the two genera. I am likewise unable to find in the elaborate diagnoses of the genera

given by Duncan (Revision p. 212— 13) and by Gregory 1

an}
-

distinguishing feature of reasonable

importance. In all the more important features the}' agree: structure of ambulacra and interambulacra,

sternum, actinal and apical system, tube-feet, spines and general shape of the test. The only characters

I can find, which might be taken into consideration for distinguishing them as different genera are

the following: a subanal fasciole is generally found in young specimens of U. naresianus, whereas it

is not found in Cystechinus; but in larger specimens of U. naresianus the fasciole has generally dis-

appeared, even so fully that Loven could find in the structure of the test a sure sign of the total

absence of the fasciole, and in U. giganteus it is not found either. On the other hand it seems to be

found in Cystecii. clypeatus, since according to Agassiz (Challenger -Ech. p. 149) the edge of the

test adjoining the anal system is thickly covered by miliaries forming a broad band, with an indistinct

outer edge (almost a fasciole) surrounding it .
— The position of the periproct is below the ambitus

in Cystechinus (unknown in C. clypeatus); in U. naresianus it is generally not quite below the ambitus,

but the difference is, indeed, very slight, and in U. giganteus it seems to be quite as in Cystechinus.

Finally I may notice the difference in the structure of the pedicellarise, especially the globiferous
—

but if the genera were to be founded upon the structure of the globiferous pedicellarise, we would

have to make U. naresianus the type of one genus, to unite U. giganteus, Cystech. Wyvillii and Lovcui

in another genus, further to make a separate genus of UrecJi. Drygalskyi
2 and a fourth genus of

C. clypeatus. I think Professor Agassiz would be the first to object against founding these genera

on the differences in the globiferous pedicellarise alone, and I for ray part do not hold that necessary'

either. But then the conclusion is inevitable that the genera Urechinus and Cystechinus cannot be

distinguished as hitherto understood. Cystechinus then becomes a synonym of Urechinus. or in any

case the species C. Wyvillii and Loveni must be transferred to Urechinus. Probably the C. clypeatus

(or one of the species confounded under that name) will prove to make a separate genus, which will

then keep the name Cystechinus. The Cystech. vesica has recently been removed by Agassiz himself

1

Cystechinus crassus, a new Species from the Radiolarian Marls at Barbados. Quarterly Jouni. Geol. Soc. 1S89. p. 640.
2 Th. Mortensen: Some new species of Echinoidea. Vidensk. Medd. Naturh. Foren. Kobenhavn. 1905. p. 241.
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[Panamic Deep-Sea Keh. p. 1631 to the genus Pilemateckinus established there for Cystech. Rathbuni.
— A few remarks mi the forms mentioned above may be given here.

Cystechinus clypeatus. In the description of this species ( Chall. -Keh. p. 1491 Professor Agassi/
remarks that in the specimens from the greater depths lea. 1900 fathoms) the test is much thinner

than in the fragments which are found near the 1000 fathom line . This may perhaps be true for

other species (Agassi/, refers to Pourtalesia, Cystechinus and Urechinus\ though I do not see any
such difference among the specimens of U.narestanus from the Ingolf ; but as for C. clypeatus the

difference in the thickness of the test is in any case not alone due to the different deptli at which

the specimens lived, but also to their being different species, as I can state after having examined

the fragments preserved in the British Museum; the pedicellarise differ so considerably that it seems

quite impossible that they can belong to the same species. Also the structure of their apical sys-

tems will probably be found to differ considerably. In the description it is said: The abactinal

system closely resembles that of Cystechinus Wyvillii; the genital plates are, however, proportionally

larger, the left anterior and the right posterior far exceeding the others in

size, and extending entirely across the abactinal area, the whole central part

of which is formed by the junction of the genital plates . But the figure, PI.

XXXY. b. 10, is, as will be seen, not in accordance with that description; the

left anterior and right posterior genital plates do not exceed the others in

size or extend entirely across the abactinal area, and the whole central part

is not formed by the junction of the genital plates, the large ocular plates

of the anterior paired ambulacra separating widely the anterior and posterior

genital plates.
— Among the fragments of Cystechinus clypeatus preserved in

the British Museum the apical system is found in those from St. xxtL which „. ...r J JJ^'
Fig. 5. Apical system of

belong to the thin-plated form. This apical system does not agree, however, Cystechinus clypeatus iSt.

334).
either with the description or the figure (PL XXXV. b. 10) as will be seen from

the sketch given here (Fig. 5). (It may be remarked that this figure was made free hand, without a

camera, so that the form of the plates may not be quite correct, but in the main features the figure

is correct.) In the fragments from St. 133, which evidently belong to the same species as those from

St. 334 (both these stations are near Tristan d'Acunha), only the two posterior apical plates, together

with some of the plates behind them, are preserved; this part agrees with the figure in the Chal-

lenger -Echini, which thus seems to have been made after this specimen. Whether the whole figure is

correctly drawn can no longer be seen. — Among the fragments from St. 205 (off Luzon, in the China

Sea) 1

,
the thick-plated form, no trace of the apical system is found.

On the fragments of the thick-plated form (St. 205) I have found three kinds of pedicellarise,

viz. tridentate and two kinds of ophicephalous pedicellarise. Unfortunately, no globiferous pedicellarise

were found; they will probably also be very characteristic, as is the case with the ophicephalous. The

tridentate pedicellarise (PI. IX. Figs. 14, 28) have a simple, leaf-shaped blade, somewhat narrowed in the

lower part. The edge is thick, only faintly serrate, often with a larger tooth at the point; in the larger

ones there is, generally, a wingshaped lateral widening below the edge in the lower part of the blade.

1 Alone this very wide distance between the stations might beforehand raise some doubt of these forms being the

same species.
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The basal part is rather large. In the larger ones the valves join along about the outer half, in smaller

ones thev join a longer way clown; in the largest specimens seen the head is o -6mm long.
- The

ophieephalous pedieellarise are very peculiar. One form has an almost globular head; the valves (PI

IX. Fig. 22) are short and broad, reminding one, indeed, very much of the ophieephalous pedieellarise

of the Echinina; the arcs are, however, not distinctly developed, and the stalk is not cup-shaped. In

these features they resemble the short broad form of tridentate pedieellarise in Urechinus naresianus,

and perhaps they ought really to be regarded as tridentate pedieellarise. The other form (PI. XL Figs.

7, 10) has very elongate, narrow valves, with a terminal widening (the blade); the long narrow part

represents the apophysis, whereas the basal part is not distinctly developed. The outer edge of the

blade forms a series of large teeth, continuing a little way down the sides, rapidly diminishing in size.

There is a simple oval deepening in the widened outer part. One of the valves is considerably longer

than the two others, and this one alone has an arc developed below the articular surface. The stalk

is cup-shaped above, otherwise compact. The length of the head of these pedieellarise is ca. i
nim

,
and

they are, indeed, very conspicuous objects, and by no means rare, but they seem to occur only on the

abactinal side, whereas the short, globular form seems to occur only on the actinal side. — Regarding

the structure of the test of this form, I can only say that the plates are very large and the pores simple.

The fossil Cystechinus crassus described by Gregory (Op. cit) must probably be nearest related

to this thick-plated species. Since neither the apical or the actinal system of this fossil form is known,

it was perhaps somewhat hazardous to associate it with this genus, as maintained by Agassiz; but

when Professor Agassiz says that the great thickness of the plates.... would seem to preclude the

association of this species with Cystechinus this objection seems a little curious, since Professor

Agassiz himself associates the equally thick-plated form from St. 205 with Cystechinus
— and even

includes it in the same species with the exceedingly thin-plated form from off Tristan d'Acuuha.

In the fragments of Cystechinus clypeatus from St. 133 and 334, the thin-plated form, I have

found four kinds of pedieellarise, viz. globiferous, tridentate, ophieephalous and triphyllous. The globi-

ferous pedieellarise (PI. IX. Fig. 1) are very peculiar; the blade is an almost closed tube, with a narrow

slit along the inner side, and ends in a single hook. I have found only one specimen of this kind of

pedicellaria in the dried fragments from St. 133; there is no trace of a thick investing skin, as might

be expected in a globiferous pedicellaria; I think, however, that it is really a globiferous pedicellaria

(the only other kind to which it might possibly be referred is the rostrate)
1

. The tridentate pedi-

eellarise are of two kinds; one has simple, leaf-shaped valves (PI. IX. Fig. 20), narrowed only for a

short space below, in the smaller ones joining along their whole length; the edge is very finely serrate.

The largest ones seen are ca. o-8nim (head). The other form (PI. IX. Fig. 23) is short, coarse; it was

found especially developed in some fragments from St. 133. This form recalls the short thick form of

tridentate pedieellarise of Urcch. naresianus, and as all intermediate stages occur between the short,

robust form and the long and slender form of tridentate pedieellarise, it seems to give the proof that

this form in Urcch. naresianus must also be regarded as a tridentate pedicellaria.
— The small large-

headed pedicellaria of Cystech. clypeatus, figured in the Challenger -Echinoidea, PI. XUI. Figs. 15
— 16

1 By the name «rostrate> I designate the kind of pedieellarise named «die schnabelformigen by Doderlein, as well

as those named die kochloffelformigen , which are only a modification of the former type, as pointed out bv Doderlein;
these two forms Professor Doderlein also designates by the name «laternenf6nuige tridentate pedieellarise. (Echinoidea d.

deutschen Tiefsee-Exp. p. 73).
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and P1.XLV. Figs. 30—31 is evidently this form of tridentate pedicellariae. [The figure 31. P1.XLV

is, otherwise, not the tip of the blade as slated in the explanation of plates
— though the expression

iblade is, of course, not used — , hut a fragment of the articular surface seen from above). The ophieeph-
alous pedicellarise (PL IX. Fig. 131 have rather elongate valves; the fine teeth along the outer edge
of the blade do not continue along the edges down the apophysis, as is the case in Urech. naresianus

and the other species related thereto; only a few coarse serrations are found along the sides of the

apophysis. The basal part is distinctly developed, though not reaching the outer widened part of the

valve. The arc is distinctly developed on all the valves; the upper end of the stalk is cupshaped. The

triphyllous pedicellariae (PI. IX. Fig. 29) are somewhat different from those of the other species of

Cystechinusi>\ the valves are more elongate and spoon-shaped and more narrowed below than is the

case in the other species.

The description of Cystech. clypeatus given in the Challenger -Echini is evidently made after

this species. I can only add that the plates are large and very thin, with concentric lines {marks of

growth), and that the abactinal pores are simple. The very thick miliary spines, represented in PI.

XLY. Fig. 29 of the Challenger -Echini are found on the anal area of this species. The primary spines

are brownish at the base, white m the outer part; they are (some of them at least) coarsely serrate

in the outer part.

That the thickplated and the thinplated form represent two very distinct species is beyond

doubt; another question is, which of them must keep the name clypeatus, and that is not so easily

solved. It is certain that the figures given in the Challenger -Echini represent the thinplated form,

and the description likewise is evidently made from this. But on the labels of the thinplated speci-

mens (St. 133 and 3341 there is a mark of interrogation (though this doubt is, as usual, not mentioned

in the texti, which seems to indicate that Professor Agassiz himself regarded the thickplated form

as the type of the species, as seems also to be indicated by the name clypeatus. However, considering

the fact that the species described and figured under that name is really the thinplated form, I think

it correct to let this species keep the name Cystechinus clypeatus. The thickplated form (St. 205) must

then have another name; but since its structure is almost quite unknown, so that, in fact, we cannot say

to which genus it belongs (probably a new genus), I think it better to let it remain unnamed for the present.

<t.Cystechinus?> (Urechinus) Wyvillii. Four kinds of pedicellariae have been found, viz. globi-

ferous, tridentate, ophicephalous and triphyllous. The globiferous pedicellariae (PI. IX. Figs. 3, 5, 24) are

esseutiallv like those of Urech. giganteus, only the blade is shorter and more curved; there is gener-

ally only one tooth on either side of the terminal opening, sometimes, however, there are two on either

side. The tridentate pedicellaria; occur in two forms : a more slender form, very similar to that of

U. naresianus, and a larger more coarse form (PL IX Fig. 17), generally more or less irregular in the

lower part of the blade; size up to ea. o-8mm . These two kinds are, however, not sharply distinguished,

all transitional forms being found. The figures given in the Challenger -Echinoidea PI. XLII. 13 and

XLY. 28 as large-headed (Spatangoid-like) pedicellariae evidently represent the larger form, though

a less coarse specimen than that figured here. The ophicephalous pedicellariae are very like those of

U. giganteus; the head of an ophicephalous pedicellaria is represented, though not very clearly, in the

figure 27. PI. XLY of the Challenger -Echini, under the name of a Clypeastroid-like pedicellaria.

The Ingolf-Expedition. [V. 2. 7
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The triphyllous pedicellarise are likewise very similar to those of naresianus. The same holds good

for the spines and for the spicules of the tube-feet. — Agassiz states (Panamie Deep-Sea Echini p. 124)

that in young C. Wyvillii the labrum is followed by two plates, the sternum being absent; this is,

evidently, due to a lapsus memoriae. I need only refer to the figure 236 on p. 164 of the same work,

representing the plastron of a specimen i8mm in length ;
it shows the plastron to be of the same struc-

ture as in Urechinus. as might be expected to be the case.

Perhaps two species have also been confounded under the name of Cystechinus Wyvillii in

the Challenger -Report. A comparison of the figures 1—4 with figs. 5
—8 of PI. XXIX, further of

PI. XXIX. a with PI. XXIX. b at any rate gives a strong impression that two distinct species are re-

presented here; moreover, the high form is so very like Cystechinus Loveni that it must beforehand

seem much more reasonable to associate it with this species than with the low form of C. Wyvillii.

To be sure, Agassiz points out (Panamie Deep-Sea Ech. p. 159) several features which distinguish

C. Loveni from the high form of C. Wyvillii; but none of them seem to be of such value that it would

preclude regarding them as the same species. I have examined the pedicellarise of a specimen of the

high form (St. 147) and find them to agree with those of the low form of Wyvillii. On the other hand,

the pedicellarise of C. Loveni differ only little from those of Wyvillii ; I cannot therefore find herein

a definite proof that the high form is really the same species as the low form. Neither is it any proof

of their identity that they occur together on the same locality. The question can only be decided

after a very careful examination.

« Cystechinus (Urechinus) Loveni (a specimen from the Albatross
,

St. 3415, examined in the

U. S. National Museum) differs only little from U.giganteus and Wyvillii with regard to the pedicellarise.

The globiferous pedicellarise are more like those of giganteus, though not so large; in the two speci-

mens I have found, there are two teeth on each side of the terminal opening of the blade. The tri-

dentate pedicellarise (PI. IX. Fig. 19) are upon the whole longer and more slender than in giganteus;

the edges of the basal part are generally more or less produced. Ophicephalous and triphyllous pedi-

cellarise as in giganteus. the latter, however, mostly a little more narrowed below the blade. Spines

and spicules do not present any characteristic specific features.

The two species vesiea and Rathbuni originally referred to Cystechinus have with full right been

transferred by Agassiz to a new genus, Pilematechinus which is distinguished from the former f Ureelii-

nus) by the small size of the plates adjoining the peristome and especially through the structure of

the plastron, the labrum being in contact with the two plates 5. a. 2 and b. 2, a very conspicuous dif-

ference from Urechinus (Cystechinus) in which the plate 5.
b. 2 ' alone occupies the whole space at the

outer end of the labrum. The genus Pilematechinus would thus represent a more primitive form than

Urechinus. Another very peculiar feature of this genus is the very thin and flexible test.

Pilematechinus Rathbuni has been very carefully figured and described by Agassiz (Panamie

Deep-Sea Ech. p. 165) as regards the structure of the test; the pedicellarise etc. are not mentioned.

Having examined specimens of this species («Albatross St. 3360) in the U. S. National Museum I am

able to give some information thereof. The four usual kinds of pedicellarise were found. The globi-

1 I quite agree with I.atnbert in his interpretation of this plate. (Comp. Lambert: Etudes morphologiques sur le

Plastron 'les Spatangides. Bull. Soc. Yonne. 1S92.1
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ferous pedicellarise (PI. X. Figs. 9, ul are very characteristic, the valves ending in a single long tooth,

at a right angle with the narrow blade, which forms a flattened, closed tube. As in Urechinus the

valves are clad with a thick, dark, evidently glandular skin. Xoneek; the stalk is more compact than

in Urechinus. In the two globiferons pedicellaria: I have seen, the valves are nnsvmmetrieally devel-

oped in the basal part, the one figured from the inside being the most regular of them. Whether this

is a constant feature it is, of course, impossible to decide from such scanty material. The ophieephalous

pedicellariae (PL X. Fig. 26) have low and broad valves, somewhat sinuate and very finch- and closely

serrate along the edge of the blade down to the apophysis. The upper end of the stalk as usual

cupshaped. The tridentate pedicellariae occur in two distinct forms; the one (PL X. Fig. 22) has very

long and narrow valves, somewhat widened in about the outer third, where the valves join. The edge
of this widened part is closely serrate; in the lower, narrowed part the edge has only some very few

small thorns. The blade is open along the whole length; there may be a faint indication of a meshwork
in the blade. This form reaches a length of ca. r2mm (head). The other form (PI. X. Fig. 8) has the

blade almost, sometimes completely, closed as a tube in the lower half;

the outer half is spoonshaped widened, with the edges finely serrate.

In smaller specimens the narrowed part of the blade is shorter, in cjuite

small ones it is not narrowed at all, the blade being simply leaf-shaped.

This form is much smaller than the former, the largest ones seen being

ca. o-5""
n

. The triphyllous pedicellarise (PI. X. Fig. 14) are like those of

I 'rich, giganteus, only somewhat more narrowed below the blade. —
The spicules and the rods supporting the filaments of the actinal tube-

feet as in Urechinus. — The miliary spines as in Urechinus, very similar

to those of U.naresianus; I have not secured anvof the primarv spines,
Fig ' 6 - Actinal plastron of Pilemat-

eclunus vesica ; from the inside of

so that I cannot give any information of their structure. the test. Not drawn with Camera.

Pilematechinus vesica. The figures given of the structure of the

actinal part of the test of this species in the Challenger -Report (PI. XXXV. 11— 12) are not very

accurately drawn. The inner ambulacral plates are represented as being in contradiction to the general

rule of La, II. a, III. b, IV. a, V. b having two pores; this is not really the case, they are fairly in

accordance with the rule, as I have been able to determine in the British Museum by the examination

what seems to be the original preparation after which the two cited figures are drawn. I give here a

sketch of the actinal plastron and adjoining ambulacral plates (Fig. 6).

The feature pointed out by Agassiz as making a radical difference between Pilematechinus

and Cystechinus, viz. that the labrum is followed by two plates in Pilematechinus, would indeed be

an extremely interesting fact, distinguishing this genus not only from Cystechinus (Urechinus), but

upon the whole from all the Meridosternata. Only in the Dysasterida land the Cassidulids) is a similar

structure of the odd interambulacrum found. Pilematechinus would then represent the most primitive

of all recent Spatangoids. I was therefore very anxious to see, if P. vesica has the same primitive

structure of the plastron. I had occasion to examine this question at a short visit to the British Mu-

seum this vear, and the result was that P. vesica does not show the very primitive structure of the

plastron described by Agassiz for /'. Rathbuni. The labrum is very small, as shown in Fig. 6,

r
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reaching scarcely beyond the middle of the first plate of the adjoining ambulacra. The sternum is

likewise very small, these two plates together representing what has been interpreted by Agassiz in

P. Rathbuni as the labrum alone. It also appears from the remark (Panamic Deep-Sea Ech. p. 163) It

is possible that the labium is made up of two plates and then followed by the regular succession of

plates», that Professor Agassiz has not been quite certain of the structure in P. Rathbuni 1

,
and I

think we may then safely conclude that P. Rathbuni agrees with P. vesica regarding the structure

of the odd interambulacrum, since they otherwise agree in all more important features. — The plastron

of Pilematechinus is thus in general accordance with that of Urechinus, and the genus has a typical

meridosternon, differing from that of Urechinus only in the small size of the plates, as upon the

whole all the plates near the actinostome are much smaller than in Urechinus. It is worth noticing

that in the paired interambulacra' the inner plates are quite similar to those of the odd interambula-

crum, as is especially well seen in PI. 85. Fig. 2 of the Panamic Deep-Sea Ech.
,
when the transverse

line which is wanting between the labrum and sternum is added. - - It may be stated expressly that

the pores are simple.

Another feature of no small interest I noticed on examining P. vesica, viz. that it has quite

distinct auricles; they do not form a ringshaped thickening of the plates all round the peristome, but

are present in the shape of five distinct elevations across the interambulacra close to the peristome,

ending with a somewhat more elevated portion in the middle of the adjoining ambulacral plates. They

are so distinct that one might indeed be tempted to suggest the existence of a rudimentary dental

apparatus in this species; there is, however, no trace of it, at least in the grown specimens, but it

seems not unreasonable to suggest that the embryos will show some traces thereof.

It may further be remarked that in P. vesica the alleged resorption of the tubercles is very

conspicuous — but it is beyond doubt that they have not been resorbed, but only rubbed off; it is

very easy to rub the tubercles off, and exactly the same appearance as the resorbed tubercles is

produced. (Comp. above p. 41.)

Concerning the inner anatomy of P. vesica it may be noticed that there is at least one very

well developed sipho.

The pedicellarise of this species have received some attention in the Challenger Report, three

different kinds being mentioned. I have found four kinds, viz. globiferous, tridentate, ophicephalous

and triphyllous. The globiferous pedicellariae (Pl.X. Fig. 7) are like those of P. Rathbuni. the valves

ending in a single hook. The tridentate pedicellariae are rather richly developed; Agassiz gives no

less than four figures of them (PI. XXXV. 16, XLIII. 9
— n), besides a figure of a single valve (PI. XLY.

36). I have found two distinct forms of tridentate pedicellariae; the one has the valves rather abruptly

narrowed and the edges inrolled in the lower part (PL X. Fig. 13); there may be some meshwork in

the blade. In the smaller forms the narrowed part is shorter, and quite small ones are, as usually,

simply leafshaped. The largest ones seen were i
mm

long (head). The figures PL XXXV. 16 and XLIII.

9 of the «Challenger -Echinoidea represent this form, and since the PL XLV. Fig. 36 is said in the

explanation of plates to be a valve of the form represented in PL XLIII. 9, this figure also belongs

1 Also in one specimen of P. vesica the transverse line between the labrum and sternum was not quite distinct; in

other specimens it was beyond doubt.
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here; it is, however, evidently not very correctly drawn. I have seen nothing resembling the figures

PI. XL11I. 10— 1 1 ; they probably represent only small specimens of this kind of tridentate pedicellariae.

The second form (Pl.X. Figs. 1,4,24,28,29) is coarser and the form of the blade often somewhat irre-

gular; it has generally some very irregular meshwork. This kind of pedicellariae is found on the

actinal side, and especially on the peristome, even in the mouth they are quite crowded, reaching
some way up the oesophagus; those found here are generally more irregular than those on the out-

side of the test (Pl.X. Figs. 28— 29).
— It is probably this second form of tridentate pedicellariae which

is figured in PI. XLIII. Fig. 12 of the Challenger -Ech. under the name of Clypeastroid-like pedi-

cellaria; the valve represented in PI. XLV. Fig. 35 as belonging to this form is certainly that of an

ophicephalous pedicellaria, but it seems very unlikely that it can belong to this form; the figure

PI. XLIII. 12 does not seem so very bad, as it would be in case the valve did really belong to it —
and on the other hand, this coarse form of tridentate pedicellariae is generally invested with a rather

thick, brown skin, so that by a superficial examination not much more is seen than the figure cited

shows. — The ophicephalous pedicellariae are like those of P. Rathbuni, the valves being low and

rather broad. The PL XLY. Fig. 35 of the Challenger -Ech. gives a rather good representation thereof.

The figures PL XXXV. 17— iS may perhaps also represent the ophicephalous pedicellariae; thev are

however, so crudely made that it is quite useless to speculate 011 what they are meant to represent.

— The triphyllous pedicellariae are like those of P. Rathbuni. The supporting rods of the filaments of

the actinal tube-feet are like those of Urechinus; spicules I have not seen. The spines evidently deserve

to be carefully studied ; my preparations however do not allow me to give more than a few remarks

thereon. The only (broken) primary spine I have seen does not agree with the figure and description

given by Agassiz, it is curved and finely undulated along the longitudinal ridges. Clubshaped spines

are found at the actinostome as in Urech. naresianus.

To the Urechinida is further referred the genus Calymne. The figures given in the Challenger

Report do not allow one to see the real structure of the anterior paired

interambulacra; finding that this was an important character for the classi-

fication of the Meridosteruata (viz. whether the second plate of these

interambulacra is single or double — Comp. below p. 85), I carefully examined

the fragments of the type specimens in the British Museum in this regard

and found that the first plate is in contact with two of the following plates.

The unusual size of the actinal ambulacral plates makes it a little diffi-

cult to see the real structure in the poor fragments preserved; but the

pores of the ambulacral plates are distinct and leave no doubt of the piS- 1- Part of the actiaal side

of the test of Calymne relicta.

morphological value of the plates (Fig. 7). (The figure is made after a

sketch taken without camera and thus cannot claim to be quite correct as regards the outline of the

plates; but in the main features it is correct.)

The apical system is certainly not very correctly given in the Fig. 2. PL XXXIV of the

Challenger -Ech. The two anterior genital plates with the madreporiteseem to be confluent, not forming

two (or three) separate plates as in that figure. Of the two posterior genital pores seen in this figure
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only one, the left, is distinct in the fragment preserved. By a very careful preparation it will certainly

be possible to make out fully the structure of the apical system in this very interesting form.

As regards the pedicellarise Calymne agrees with the Pourtalesiaj in having rostrate pedi-

cellarise of the form common in that family. They are of two kinds (PL X. Figs. 5, 6), one with the

outer end of the blade rather widened and finely serrate, the other with the outer edge onlv little

widened and provided with few, rather large teeth. (This is, evidently, the form figured in the Chal-

lenger -Eehinoidea PI. XLIII. 24 and XLIV. 47 as a Clypeastroid-like pedicellaria.i The stalk maybe
rather thorny, as is well shown in the Chall. -Ech. PL XLIV. 48; probably it is the coarse-toothed

form which has the thorny stalk, the other form having it smooth ; but I cannot say this with cer-

tainty. The triphyllous pedicellariae are like those of Urech. naresianus. The miliarv spines (PL X.

Fig. 30) have the point widened so as to form a broad, fenestrated plate, finely serrate along the outer

edge; the shaft is very slender, consisting of fine rods, which are not connected with transverse beams,

except a few at the base. This form of spine also recalls those found in some Pourtalesise.

Evidently Calymne is not very closely related to the Urechinida ; I think it must form a separate

group (family), as it cannot be transferred to the Pourtalcsiidir. the anterior ambulacrum not being

invaginated. (Comp. below p. 86.)

The genus Phrissocystis is also referred to this family (by Meissner in Bronn. Classen u. Ord-

nungen , by Agassiz in the Preliminary Report on the Albatross -Echini, and by Doderleiu in

Eehinoidea d. deutschen Tief-See Exped.). This seems to be a rather unnatural place for this genus.

Unfortunately the structure of the plastron is not known, but so main other features point towards

Pala'opneiisfes that I think Agassiz is quite right in referring it to the new family Palcropucustida-

established by him (Panamic Deep-Sea Ech.), and I also think the establishment of that family

quite justified.

20. Plexechinus hirsutus Mrtsn.

PI. VI. Figs. S— 9, 12— 16. PI. VII. Figs. 9, 19-20. PI. X. Figs. 2, 15
—

17, 19, 21. 23, 25, 27, 31—32, 34, 36
—

38.

Th. Mortensen: Some new species of Eehinoidea. Vid. Medd. Naturh. Forening. Kobenhavn.

1905. p. 242.

The outline of the test is almost regularly oval, especially in the smaller specimens; in larger

specimens it is straight across the anterior ambulacrum or even slightly reenteringly curved. On the

actinal side the anterior ambulacrum is a little sunken; the posterior interambulacrum forms a very

prominent keel, prolonged into a broad, little projecting anal snout, surrounded by a fasciole. The

abactinal side is beautifully rounded, except the posterior end, the odd interambulacrum not sloping

at all but forming a rather prominent hood over the periproct. This feature together with the keel

on the actinal side makes the posterior end much higher than the anterior. The anal snout is dis-

tinctly less prominent than in /'. cincf/ts, being scarcely discernible in dorsal view, a very conspicuous

difference from the latter species, as will be seen on comparing the figures 13, 14. PL VI with PL 58.

Figs. 2—3 of the Panamic Deep-Sea Echini ,
and the figures 12, 15 of the same plate with PL 55.

4—5 of the work quoted. — The whole of the test (except the ambulacra of the bivium on the actinal
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sulci is covered by a rather dense, uniform coat of slender primary spines, rising from a ground thickly
covered by short miliary spines. - The test is not very fragile. The largest specimen is 20™" in length.

The actinostome is somewhat before the middle, a little sunken. It is round, covered by an

outer circle of larger, irregular plates and several smaller ones inside these. The mouth opening is

excentric, near the posterior edge. (Fig. 8.) (Com}), also PL VII Fig. 19.)

The structure of the test agrees upon the whole with that of P. cinchis. In one specimen (the

denuded one figured PL VI Fig. 91 the labrum is separated from the following plate by the junction

in the median line of the ambulacra] plates I. a. 2 and V. b. 2 (PI. VII. Fig. 19), as is the case in I', duc-

tus: in all the other specimens these two plates do not join in the middle line and the labrum is not

separated from the sternum (Fig. 8), but it is very narrow at the aborai end. The 4th plate of the

ambulacral series I. a and Y. b has an episterual widening, which reaches within the subanal fasciole;

no other ambulacral plates reach the fasciole. As in P. ductus the fasciole

encloses the inner part of the interambulacral plates 5. a. 2—5 and b. 3—6
(the plates a. 3 and b. 4 are completely within the fasciole). The following

plates, a. 6 and b. 7 are rather elongate and reach the periproct, encircling

it together with the three following pairs of plates (a. 7—9 and b. 8— 10); in

P. ductus the periproct is surrounded by only three pairs of interambulacral

plates in all, viz. a. 6—8 and b. 7
—

9, according to the figures given of that

species. The periproct is much sunken in its lower part, the point where

the plates 5. a. 6 and b. 7 reach the lower edge of the periproct being the

deepest; the upper part of it is at a level with the prominent hood formed

by the abactinal part of the odd interambulacrum. — The anterior ambula-

crum is short, as in P. cinctus; the plates above the ambitus are distinctly

lower than those below the ambitus, and likewise they are distinctly lower

than those of the paired ambulacra. (PI. VI. Fig. 13, PI. VII. Fig. 20.) The

pores of these plates are somewhat elongate vertically, showing a distinct tendency towards becoming

double (PI. VII. Fig. 20). This form thus differs from the other genera of the Urechinida in having

the ambulacra somewhat unecpially developed. The same feature is seen in the figures of P. cinctus,

though not mentioned in the description.

The apical system (PL VII. Fig. 9) is like that of P. ductus, disjoint in the same manner. Two

genital pores, covered with long genital papilke, are found in a plate joining the ocular plate of the

anterior ambulacrum (PL VII Fig. 20); this plate also bears a single madreporic pore. Evidently the

same is the case in P. ductus, as Agassiz supposes
1
. The plate with the genital pores must probably

be regarded as the confluent left and right anterior genital plates; otherwise, I think, the genital pores

in these forms may perhaps not be exclusively bound to the basal plates, the whole apical system

1 On p. 151 (Pan. Deep-Sea Bch.) Agassiz says that 110 trace of genital openings could be seen, unless one of the

openings seen on the large interambulacral plate in continuation of the odd (inter)ambulacruru be a genital pore . In the

light of the fact that both the corresponding pores in P. hirsutus bear genital papilke and thus prove themselves to be ge-

nital pores it is certainlv not too hardy to conclude that both the pores of this plate in P. cinctus are likewise genital open-

ings. In the figure 1. PI. 60 this plate bears a third small pore, quite as in hirsutus — evidentlv the madreporic pore. The

supposition that the specimens of P ductus the smaller 2i mm l are only young stages thus becomes erroneous (though it is

of course possible that the species may reach a more considerable size).

Fig. 8. Peristome, labrum
and adjoining plates of Plex-

echinus hirsutus. 9 ,.
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showing some tendency to dissolution in this group. To determine with certainty which of the other

plates in the apical area of this species ought to be regarded as basal or as «intercalated plates is

scarcely possible, and I cannot feel convinced either that the interpretation of these plates in P. ductus

given by A gas si z is quite correct. — The genital openings are present in a specimen of i3
!nm

,
but

have not yet appeared in a specimen of nmm
.

The primary tubercles are scattered quite without order over the whole test, except the ambu-

lacral plates joining the sternum and episternum. A great number of small tubercles are found among

the primary ones. On the primary interambulacral plates, which are all in contact with the peristome,

the tubercles mav be rather numerous, forming- like a rudimentarv bourrelet. The larger ones of the

plates of the peristome may carry a single tubercle (spine).
— The primary spines (PI. X. Figs. 21,31) are

ca. 3
mm

long, slender, gracefully curved, more or less spinous, a little widened towards the point. The

spines of the sternum are rather widened in the point and hollowed (PI. X. Fig. 38). The spines round

the actinostome are not distinctly clubshaped. The miliary spines (PI. X. Fig. 32) are short, ca. o -

5
mm

;

the point is widened and serrate, more or less flattened. The clavula; of the fasciole do not differ from

the other miliary spines.

The tubefeet of the two or three inner ambulacral plates are penicillate, forming a rather con-

spicuous phyllode. The rods supporting the filaments of these tubefeet are irregularly fenestrate, rather

coarse (PI. X. Fig. 37); the spicules (PI. X. Fig. 27) are arranged in two series; they are of the same general

shape as in Urechintis. The tubefeet of the anterior ambulacrum are rather large, but simple; a more

or less distinct calcareous ring, formed by some few irregular, fenestrate plates is found, at the point

of the simple tubefeet. — The sphaeridiae are found only on the inner one or two pairs of ambulacral

plates, generally only one on each plate. They are rather elongate, smooth (PL X. Fig. 25).

The pedicellariae are represented by the four usual forms. The globiferous pedicellariae (PI. X

Figs. 23, 34) are very peculiar; the blade forms a short but rather wide tube, which ends with a large

round opening, sometimes prolonged a little downwards on the inside; the edge of the opening is

rather finely serrate, except on the lower side. No neck; the stalk is rather thick. --It may, indeed,

be regarded as a little doubtful whether this form really represents the globiferous pedicellariae, since

there is no thick skin covering the valves, as is the case in the related genera Urechinus etc. But

on the other hand it is rather similar in structure to the undoubted globiferous pedicellariae of Ure-

chinus giganteus, Wyvillii etc., and it would be more unnatural to refer it to any of the other kinds

of pedicellariae. (The glandular tissue mav perhaps be found within the tubeshaped blade). The triden-

tate pedicellariae (PI. X. Figs. 2, 16, 36) are small, the largest ones only ca. o'3
mm

. The blade is simply

leafshaped, sometimes shorter and almost round; the edge is serrate, generally with some longer

teeth at the point. The figure 15. PI. X represents a somewhat different form, with the blade more

narrow and the apophysis ending down in the blade. I have not seen transitional forms between the

two kinds of tridentate pedicellariae. The ophicephalous pedicellariae (PL X. Fig. 19) are very simple, of

the usual structure; the upper end of the stalk cupshaped. The triphyllous pedicellariae (PL X. Fig. 17)

differ only little in shape from those of I
r
rechinus. - The pedicellariae of this species are upon the

whole few in number and little conspicuous.

The species was taken at the following stations by the Ingolf :
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St. ii (64 34'Lat.N. 31 12' Long. W. [300 fathoms r°6 C. Bottom temp.) 2 specimens.
7(1(60° 50' 26° 50' 806

1
1

— )2— 81 (6i°44' 27°c»' 485 6° 1 )2 (young)
-83 (62° 25'

- 28° 30' 912 3°5
-

) 3

One young specimen was further taken by the Tlior 1904 at 61
15' Lat N., 9° 35' Long. W.

900 Meter.

This species is evidently nearly related to the Califoruian species Plexechinus cinctus A. Ag.

It is, however, easily distinguished from the latter species by the very different outline of the pos-

terior end of the test, the actinal keel being much higher and the anal snout much less prominent in

the Atlantic than in the Californian species; the periproct is also more sunken in hirsutus. If it proves

to be a constant feature in P. ductus that only three pairs of plates are in contact with the periproct

whereas in hirsutus four pairs are so, this will be a very good distinguishing character. (In the PL

Nordenskjoldi, to be described in the Report on the Echinoidea of the Swedish South Polar Expedi-

tion, only three pairs of plates are in contact with the periproct).
— The pedicellarise can scarcely be

supposed to show more important differences.

The genus Plexechinus is placed among the Pourtalesise by Agassiz, mainly on account of

its anal snout and the position of the periproct; probably also other features: the elongated shape,

the apical system, the disjointed sternum and the rudimentary phyllodes are taken as arguments in

favour of such a position of the genus though it is not stated clearly. The genus certainly shows

some Pourtalesian affinities, but it is evidently more nearly related to the Urechinidce. It differs essen-

tially from the Pourtalesise and agrees with the Urechinids in having a flat peristome, one of the

most prominent characters of the Pourtalesise being the vertical peristome at the inner end of a deep

groove. Another feature of eminent importance is the structure of the anterior paired interambulacra;

the second plate is single in the Urechinids, whereas in all Pourtalesise it is paired
— in Plexechinus

it is single. Further Plexechinus agrees with the Urechinidce in regard to the pedicellarise: globi-

ferous pedicellarise occur, but no rostrate; the ophicephalous pedicellarise are of the type found in

Urechinus (the elongate form of ophicephalous pedicellarise characteristic of Pourtalesise is found in

«Cystechimis clypeatus* (the thick-plated form), but it is not certain that this is an Urechinid, the struc-

ture of its test being quite insufficiently known). Also the structure of the spines points towards the

Urechinid affinity. On the other hand several of the characters pointed out by Professor Agassiz

seem to me less important. The phyllodes are not so very rudimentary, at any rate not in P. hirsutus,

in which the two or even three inner tubefeet in each series are distinctly penicillate; the fact that

Stcniopatagus has penicillate tubefeet, however, shows that much stress cannot be laid on this feature.

If it were of greater importance it could, of course, only be a further argument for placing Plexechinus

among the Urechinidce, all the Pourtalesise, except Sfernopatagtis, which Agassiz will even refer to

the Urechinids (without sufficient reason, as far I can see (comp. below)), having only simple tubefeet.

The apical system shows so great differences in the whole Ananchytid group that it seems unreason-

able to lay much stress on its being a little more or less disjointed. Regarding the sternum both

Thf* Ingolf-Expedition. IV. 2. 8
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P. hirsutus and Nordenskfdldi have the labruni in contact with the sternum, this feature thus evidently

pointing towards the Urechinids. It thus seems evident that Plexechimts must be referred to the

Urechinida ; but it must be conceded that the position of the anal system and especially (what Agas-

siz seems to have overlooked) the shortened anterior ambulacrum show it to be a somewhat modified

type; it is also worth noticing that there is a faint trace of a deepening of the anterior ambulacrum

(more distinct even in P. Nordenskjoldi). These characters point towards the Pourtalesue and may

perhaps indicate that the latter have developed from forms like Plexechinus, though the different

structure of the paired anterior iuterambulacra evidently forbid thinking of a direct derivation of the

Pourtalesise from the Urechinidm; the structure of the test of the Pourtalesise is more in accordance

with the Echinocorythince, and it would, indeed, seem more natural to suggest that the Urechinida

and the Pourtalesiida are two separate branches from the Echinocorythidce (Ananchytida).
— The

resemblances between Plexechinus and the amphisternous Palceotropus pointed out by Agassiz can

scarcelv be more than superficial analogies. Upon the whole I do not see the reasons why the typical

amphisternous Palmopneustidce should be reckoned among the Ananchytid Spataugoids ,
as is done

by Agassiz (Panamic Deep-Sea Ech. p. 150).

Fam. Pourtalesiidae.

21. Pourtalesia Jeffreysi Wyv. Thomson.

Pl.V. Figs. 13
—

14, 16—19, 2I - -3- PI- VII. Figs. 2— 4, 11 — 12, 14, 21. PI, VIII. Figs. 4— 6, S- 11. PI. XI. Figs. 4, 7—10, 30.

Wyv. Thomson: Depths of the Sea. p. 108—9. Fig- I2 - P- 457- '394) Ann. ^at - Hist. 4. Ser. X

p. 305. Porcupine -Echinoidea. p. 747. PI. LXX. 1— 10. PI. LXXI. — Loven: On Pourtalesia. PI. I—V
PI. XII. 149.

-- Dauielssen: Echinida. Norske Nordhavs-Expedition. p. 5.
— Pfeffer: (319) p. 101. —

Agassiz: Echinoidea. (Knight Errant ) (10).
— Ostergren: (450) p. 253.

— Hoyle: Rev. List British

Echinoids. p. 430.
-- Koehler: (233.13).

-- Doderlein: Arktische Seeigel. Fauna Arctica. p. 385. Echi-

noiden d. deutschen Tiefsee-Expedition. p. 268. — Grieg: Echiuodermen v. d. norwegischen Fischerei-

dampfer Michael Sars in den Jahren 1900
—

1903 gesammelt. I. Ophiuroidea. p. 14. Bergens Mus. Ar-

bog. (1903).
— Michailo vskij: Zoolog. Ergebnisse d. Russischen Exped. nach Spitzbergen. Echiuo-

dermen. Ann. Mus. St. Petersbourg. VII. 1902. p. 524. Nachtrag. Ibid. VIII. 1903. p. 393. Die Echiuo-

dermen der zoologischen Ausbeute des Eisbrechers Jermak vom Sommer 1901. Ibid. IX. 1904. p. 163,

184.
— Knipowitsch: Explorations zoologiques sur le bateau casse-glace Ermak en ete de 1901.

Ibid. VI. 1901. p. IX, XV. -- Kolthoff: Til Spetsbergen och Nordostra Gronland Ar 1900. p. 176, 210.

Non.: Rathbun: Catalogue of the Echini of the U. S. Nat. Museum. (337) p. 287.
-- Verrill:

Results of the Explorations of the Albatross » 1883 (426). p. 539.
— Norman: Notes on the French

exploring Voyage of Le Travailleur in the Bay of Biscay (302). p. 435.

The rich and partly well preserved material of this species collected by the Iugolf enables me

1" give a little additional information thereof, though, of course, not much remains to be done after

the elaborate descriptions given by Wyv. Thomson and especially by Loven in his classical work

On Pourtalesia . The most needed information, viz. that of the development of the test from quite
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young stages, I cannot give, since, unfortunately, no quite small specimens arc found among the pres-

ent material. On the other hand, 1 do not doubt, as does I, oven (Op. cit p. 22), that the young ones

will be found some day. Since we have found quite young specimens of Hemiaster expergitus (see

below), a species much more rarely met with than Pourtalesia Jeffn ysi, it seems not improbable that

we shall some day also have the good fortune to meet with the young Pourtalesia.

The general form of the test is well described by Loven (Pourtalesia. p. 6); there is, however,

some variation, as pointed out by Michailovskij (Echinod. d. Jermak p. 163). Some specimens are

rather short and broad and with short anal rostrum, others are rather flattened; also deformities occur

not very seldom, with irregular depressions or with the posterior end awry (PL V. Fig. 14), the supra-

anal prolongation turning to one side, the anal rostrum to the other. Also the anterior end may be

unequally developed, the one side projecting in front of the other. — The Figures 19, 21, 23. PL Y

represent a specimen in which the spines are uncommonly well preserved; the two side-views, PLY.

Figs. 13, 18 show how different the outline in pr.ofil may be. (See also Michailovskij. Loc. cit.)
—

The species reaches a considerable size; the largest specimens at hand are up to 58""" in length.

Wyv. Thomson states (Op. cit. p. 749) that the test is so remarkably thin that it will scarcelv

bear its own weight . I do not find the test of this species so very fragile; on the contrary, I find it

almost stout for a deep-sea species. It deserves to be noticed that among the Ingolf material there

are several old tests (St. 113 and 117}, which have evidently been partly or completely embodied in

the bottom deposits (they were full of mud); most of them are quite uninjured. On one of these tests

was found a sea-anemone, on another a sponge.
— The sutures of the abactinal lateral plates are, in

the larger specimens at least, generally somewhat raised, the plates themselves being somewhat con-

cave; this may perhaps be a structure tending to strengthen the test.

The morphological structure of the test has been most admirably worked out by Loven.

There is, however, one point of interest on which my rich material enables me to make an addition

to our knowledge, which is of some importance, viz. the labrum and the adjoining ambulacral plates.

Loven finds that in P. Jeffreys!'the labrum is quite rudimentary, only represented by a small plate

on the incurved edge, below the actinostome and not seen from without. The ambulacral plates I. a. 1

and Y. b. 1 are large and join in the median line in their whole length, whereas the plates I. b. 1

and Y. a. 1 are wautiug (or, as Loven thinks, coalesced with the large plates I. a. 1 and Y. b. 1, which

are thus really compound; p. 83)
— a considerable difference between this species and the other species

examined bv Loven: P. lagioiculci, carinafa and ceratopxga, in which the labrum is distinctly seen

from without, separating the inner plates of ambulacra I and V; the plates I. b. 1 and V. a. 1 are also

developed in these species.

This feature of P.Jeffreys! is, however, no constant one. To be sure, the labrum is often, per-

haps in most cases, not to be seen from without; but there is considerable variation with regard to

this plate. In some specimens it is seen as a very narrow plate, quite enclosed between the two large

inner ambulacral plates, in others it is well developed, reaching to the border of the invagination: it

may even be divided into a larger outer part aud a smaller inner part at the edge of the invagination

(PI. VIII. Fig. 10). Regarding the inner plates of ambulacra I and V there is likewise great variation.

I have seen one specimen in which only the plate a. 1 was developed in ambulacrum I, otherwise I

s*
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have constantly found both the inner plates of I and V developed; but the plates I. b. i and Y. a. i

are generally very small and easily overlooked. The plates I. a. i and V. b. i may be very unequally

developed, one of them simulating the labruni, but the presence of the pore at its inner end shows

its real nature. Generally only the four larger of these plates bear distinct pores and tube-feet, in the

other plates only quite rudimentary pores are present, sometimes the pore has even quite disappeared.

Resides the supposed coalescence between the two inner plates of ambulacra I and V, Loven, points

out (Op. cit. p. 36) as another peculiar feature in this species, that the inner plates of ambulacra II and

IV are not in accordance with the general rule that the plates I. a, II. a, III. b, IV. a, V. b are the

largest. I have constantly found the inner plates of the paired ambulacra to be in accordance with

the rule, only as to ambulacrum IV I have sometimes been unable to see it distinctly. As it seems very

unlikely that all the specimens examined by Loven should happen to be abnormal in this respect, I

must venture to suggest that Loven has overlooked some of these small

plates, which may, indeed, be rather difficult to see. (I have found them

easiest to discern when examining the denuded test in alcohol; on dried

tests, treated with alcohol-glycerine it is almost impossible to trace the limits

between the small plates). A very small plate may sometimes be found be-

tween the inner plates of the ambulacra I and II on one side and IV and

V on the other side (PI. VIII. Figs. 5, 8, 9, 11). It must doubtless be regarded

as the rudimentary inner plate of the interambulaera 1 and 4. Whether this

plate was really absent in Loven's specimens or perhaps was overlooked,

it follows from its occasional (not very seldom) occurrence that the plates

interpreted by Loven as No. 1 of the interambulaera 1 and 4 (On Pourta-

lesia. PL II. 9) are really No. 2. In the figure 9 copied from the quoted figure

of Loven, I have shown my interpretation of these plates. (Comp. Figs. 10, 11 of

Pourt. phiale). Upon the whole there is so great variation in the development

of the plates of this region that it is scarcely possible to find two specimens

quite alike in this respect. Such extensive variation in structures of consider-

able morphological importance is of no small interest, and it is shown hereby that the mutual relation

of the plates in this region cannot be relied upon for specific differences, in any case for this species,

and for the other species it will also be necessary to be very cautious in the use of such characters.

The figures 4—6, 8— 11. PL VIII show some of the variations in the structure of this region found in

P. Jeffreys/. (These specimens otherwise are all quite typical P. Jeffreys/ ; all variations may be found

in specimens from the same station).

The primary tubercles form distinct longitudinal (from a morphological point of view: trans-

verse) series on the sides at the anterior end of the test. These series generally are very prominent

on the plates of the anterior series of the two antero-lateral ambulacra (II and IV), each plate bearing

one series in the middle, the tubercles increasing somewhat in size from the anterior towards the

posterior edge of the plate. On the plates of the posterior series of these two ambulacra the tubercles

are more irregularly arranged, and on the posterior part of the test thev are upon the whole quite

irregularly arranged, though sometimes there is a tendency towards a serial arrangement. The plates

Fig. 9. Actinal plastron of

Pourtalesia Jeffreys/. After

Loven.
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forming the anterior edge (posterior series of the antero-lateral interambulacra) arc rather closely

covered by primary tubercles, inn arranged in distinct series. (Comp. I. oven, l'oui talesia. PL I.
3). The

miliarv tubercles are generally very numerous, especially on the anterior end of the test. - One speci-

men is interesting in showing in considerable number the emptj places of primary tubercles; the

places are distinctly seen, but covered with pigmented skin, and it looks as if miliary spines have

appeared in some of them. As mentioned above (sub Urechinus naresianus, p. 41) Agassiz thinks

such cases a proof of the spines having been resorbed — I think it more probable that it is the result

of some damage undergone by the specimen.

The primary spines are of a rather uniform length, the longest of them (the posterior ones of

those on the anterior series of plates of the antero-lateral ambulacra, in accordance with the size of

the tubercles) scarcely reaching one third of the length of the test. They are slightly curved, generally

smooth, ending in a simple point. Those of the sternum are somewhat flattened, widened at the point.

The spines 011 the invaginated portion are short and very robust (Loven. Pourtalesia. PI. V. 36); those

near the edge are longer and more slender, gracefully curved. The miliar) spines are widened at the

point and curved, as figured by Wyv. Thomson (PI. LXX. 8); the clavuke of the fasciole essentially

as the miliary spines, the widened point only a little shorter and thicker.

Spicules are almost totally wanting; sometimes, however, a very few irregular, branched rods

occur at the outer end of the tube-feet. The tip of the tube-feet, on the contrary, is enclosed by a

rather thick cap (or broad ring) of calcareous network (PI. VII. Fig. 21); this holds good, however, only

for those of the antero-lateral ambulacra, which are, upon the whole, rather well developed. In those

of the odd anterior ambulacrum such a calcareous cap is generally not found; sometimes a few irreg-

ular spicules occur there, but mostly they are quite destitute of spicules.

Of pedicellaria; two kinds, viz. ophicephalous and tridentate, were described and figured by

\\ yv. Thomson, and two kinds, viz. ophicephalous and rostrate
( laterneiiforrnige tridentate) by D6-

derlein lEchiuoiden d. deutschen Tiefsee-Exped. p. 269). I have found these three forms; globiferous

pedicellaria: do not seem to occur. The rostrate pedicellarue (PI. XI. Figs. 9
—

10,30) are rather conspicuous

and numerous; the head up to ca. o-^
m
"\ more or less dark pigmented. They are generally threevalved,

but two- and fourvalved specimens occur. (For the description of the valves, comp. Doderlein, loc.

cit.) The elegantly shaped ophicephalous pedicellariae are likewise well described by Doderlein,

whilst Wyv. Thomson has given a pair of rather good figures of them; I give here only figures

of isolated valves in front and side view (PL XI. Pigs. 4, 7).
— It may be noticed that the narrow part

of the valves of these pedicellariae contains a small irregular cavity, which opens into the deepening

in the widened outer part. This is, otherwise, especially distinct on the ophicephalons pedicellaria of

Ponrt. paradoxa figured PL XI. Figs. 3,
6. I have not found the ophicephalous pedicellariae on all the

specimens. — The tridentate pedicellariae, the form figured by Wyv. Thomson PL LXX. Fig. 10, are

very small, with a short but distinct neck. The valves (PL XI. Fig. 8) are simply leafshaped, the edge

of the outer part rather coarsely serrate. (That this form must be regarded as a tridentate, not a tri-

phyllous pedicellaria becomes evident from what is found in Pourt. liispida (comp. below p. 78); also

in Plexccliinus hirsntus a quite similar tridentate pedicellaria occurs together with typical triphyllous

pedicellariae; comp. above p. 56.)
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Regarding the internal anatomy it may be pointed out that there is a double sipho, the outer

one rather widened at its aboral end (PI. VII. Fig. 14); the blind diverticulum is well developed, lobate

(PI. VII. Fig. 2, 4).
The course of the stone canal (PI. VII. Fig. 2) as in Urechinus naresianus. The axial

organ is seen as a small swelling near the upper end of the stone canal (PL VII. Figs. 3, 12). (The

figures of the internal anatomy of Pourtalesise given in the Challenger -Eehinoidea onlv show the

course of the intestine and the shape of the genital organs; the diverticulum, the siphones, stone-canal

and axial organ are not represented). The genital organs show the curious feature of being very dif-

ferent in shape in the two sexes. The female genital organs are long thick tubes, quite unbranched,

but irregularly folded (PL VII. Fig. ii|; the male organs are of the usual bush-shape, with an unusually

long efferent duct (PL VII. Fig. 12). No spicules are found in the walls of the genital organs or in-

testine. Genital papilla; are well developed, sometimes even very long (ca. 8mm ). The genital openings

are not developed in specimens of 18—ao""" length; in a specimen of 22mm they are developed.

The smallest specimens in hand (18—20n,m ) do not differ essentially in the shape of the test

from the grown specimens, they are only somewhat more slender. The abactinal keel is distinct, but

is less produced over the periproct than in the grown specimens.

Considerable numbers of this species were taken by the Ingolf at the following stations:

St. 103 (66° 23' Lat. N. 8° 52' Long. W. 579 fathoms -r- o
36 C. Bottom temp.) 2 specimens.

- "3 (69° 3i'
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area of the Atlantic 1— its occurrence in the Bay of Bisca) (Norman, op. cit.) must likewise be re-

garded as doubtful, the statement evidently being made without a close examination of the speci-

mens —
1, and I doubt that it will be found there. Pourtalesia Jeffreysi is the only deep sea Kchi-

noid known from the cold area; it is only known from there, and it will probably turn out to inhabit

the cold area alone, as has been proved for most of the animal forms of that region. From this consid-

eration Grieg (op. cit) has already doubted the correctness of the identification of the specimen.-

from the American coast recorded by Professor Yerrill under the name of Pourtalesia Jeffreysi, and

the doubt was quite justified.

22. Pourtalesia Wandeli Mrtsn.

PI. V. Fig?. 1 — 7, 11— 12. PI. VIII. Figs. 1-3, 7. PI. XI. Figs. 1, [3—14, 1S-20, 23, 34—37, 40-41.

Th. Morten sen: Some new species of Echinoidea. Vid, Medd. Naturh. Foren. Kobenhavn

1905. p. 242.

The shape of the test is rather elongated, more slender than in P. Jeffreysi. The front end is

almost vertical; on the abactinal side the test rises gently towards the middle, where the greatest

height is found, and then slopes gradually towards the posterior end. An abactinal keel is hardly

indicated in larger specimens, whereas it may be more distinct in smaller ones. The test is not pro-

duced over the periproct; in side view the outline of the abactinal side is thus seen to continue to

the posterior end of the short anal rostrum scarcely without any sinuatiou over the periproct, a very

conspicuous difference between the species and P. Jeffreysi, as is seen on comparing the figures 11 and

13, 18, 23 of PL V, representing side views of the tests of these two species.
— In younger specimens

the outline in profil of the posterior end is somewhat different (PL V. Figs. 5, 12) in accordance with

the more developed abactinal keel, the periproctal sinuatiou being considerably more distinct. The

sides of the test are almost parallel, the width augmenting only very little towards the posterior half,

the greatest width being found a little past the middle; from there it rapidly narrows towards the

posterior end. The actinal side is almost flat — a conspicuous difference from P.Jeffreysi, as is seen on

comparing the figures 11,12 and 13,18. PL V. Among smaller specimens of the two species this differ-

ence is, however, not so great, P. Jeffreysi being flatter on the actinal side when younger. The

sternum and episternum form a rather distinct actinal keel, which continues along the under side of

the anal snout. The actinal invagination is somewhat longer than in P.Jeffreysi; the number of plates

in the odd ambulacrum is, however, the same as in Jeffreysi, 12—13. The form of the peristome as in

Jeffreysi.
— The test seems to me a little more fragile than in Jeffreysi.

Regarding the structure of the test this species agrees in the main features witli P. Jeffreysi.

The labrum is generally not seen from without, may, however, be found as a small plate between the

ambulacrals I. a. 1 and V. b. 1, which are distinctly developed; eight simple pores are found at the

posterior edge of the invagination (PL VIII. Figs. 1,3); none of the inner ambulacral plates have two

pores. If the tube-feet are developed on all the plates I dare not assert, as it is rather difficult to dis-

cern them among the small spines in this place, both spines, tube-feet and skin being covered by

dark violet pigment; also the pores may be very difficult to discern, as in P.Jeffreysi. A small

plate may be found between the ambulacrals I and II on one side and between IV and V on the
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other side, evidently the inner plate of interatnbulacra i and 4 (PI. VIII. Fig. 1), as it is also found

sometimes in P.Jeffreys/. Upon the whole the structure of the actinal side, labrnm, sternum, episternnm,

the two ambulacra of the bivinm and the postero-lateral interambulacra agree very nearly with that

of /'. Jeffreys/. The periproct differs a little in outline from that of Jeffreys!, being more elliptical, not

abruptly widened in the upper part as in that species. The plates surrounding the periproct are 5. a.

6—8 and b. 7— 9; this holds good also for younger specimens, whereas in smaller specimens of P. Jef-

freys/ (till at least a size of 3o
ram

)
there are 4 epiproctal plates on each side

(5. a. 5
—8 and b. 6—9) (in

larger specimens there are only three epiproctal plates as in P. Wandeli, the lower pair being shut

off from the periproct). The apical system (PI. VIII. Figs. 2, 7) as in Jeffreys!, perhaps a little closer

to the anterior border than in that species. I have found a case of the genital plates being distinct

(PL VIII. Fig. 2) as found exceptionally by Loven in Jeffreys/ (in that species I have not met with

such a case).

The tuberculatum shows some difference from P. Jeffreys/. The linear arrangement of the pri-

mary tubercles is in larger specimens more prominent than in that species. The iuterambulacral plates

at the front sides (posterior series of interambulacra 2 and 3) each bear two prominent parallel or

posteriorly a little diverging, series of primary tubercles; on the uppermost and lowermost 2—3 plates

of this series the linear arrangement of the tubercles is indistinct. The part of these plates, which is

bent over on the front edge, bears only few, irregularly arranged primary tubercles, as is also the case

with the other plates on the front. The following two series of plates (ambulacra II and IV, a. b.) bear

a series of primary tubercles each. Also the following iuterambulacral plates show a tendency towards

a serial arrangement of the tubercles. In these series the tubercles always increase in size from before

towards the posterior end, the hinder one being the largest. It is only the plates on the sides of the

test which have the tubercles thus serially arranged. The rest of the test has like P. Jeffreys/ only

irregularly scattered primary tubercles, somewhat less numerous, however, than in that species. The

miliarv tubercles are upon the whole less numerous than in feffreysi, the test looking more smooth

than is generally the case in that species. The sutures are not elevated as in Jeffreys!.
- Though the

serial arrangement of the primary tubercles is much more prominent in P. Wandeli than in Jeffreys/,

when larger specimens are compared, it must be conceded that in smaller specimens the serial arrange-

ment is almost equally developed in both species.

The primary spines of the abactinal side are very long, especially those of the anterior series

of the antero-lateral ambulacra and those of the iuterambulacral plates on the front edge, and — in

accordance with the size of the tubercles — the posterior spine of each series is the longest. The

longer of these spines reach from the anterior end of the test to the periproct, thus reaching more

than two thirds of the length of the test. They are curved and bent backwards, lying rather close to

the test; generally they are strongly thorny, especially along the convex side, which gives them a

characteristic lustre. Sometimes they are irregularly curved at the point. (PI. V. Figs. 1, 3, 5. PL XI.

Fig. 36). These long spines give this species a very characteristic appearance, differing highly from

P. Jeffreys/ in which species the spines are much shorter, smooth, and generally not bent backwards

over the test. (Comp. PL V. Figs. 1, 3, 5 with PL V. Figs. 19, 21, 23).
— The spines of the actinal plastron

(PL XI. Pig. 35) are flattened at the point, like those of Jeffreys/, and likewise those within the invagi-
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nation (PL XI. Figs. 20, 34) as well as the miliary spines (PL XL Figs. 37,41) and the clavulae agree
with those of Jeffreysi.

The tube-feet are small and simple, without spicules, but generally with a calcareous cap as

in Jeffreysi. The sphaeridiae placed singly, not presenting peculiar features. The pedicellate are repre-

sented by the same three kinds as in Jeffreysi The rostrate pedicellarise (PL XL Figs. 1, 19,23) are

characteristic, broadly rounded and rather densely serrate at the point, differing distinctly from those

oi Jeffreysi. The ophicephalous pedicellariae are much more alike in the two species, only the terminal

portion is perhaps upon the whole a little smaller in P. Wandeh (PL XL Figs. 13, 14).
The tridentate

pedicellariae (PL XI. Fig. 40) are alike in both species.

The internal anatomy agrees with Jeffreysi, only the female genital organs are slightly ramose.

The genital openings are not yet developed in a specimen of 2om,n
length, but in a specimen of 2i mm

they are found; on the other hand they are not yet fully developed in a specimen of 26rom . It is thus

evident that this species is not mature before it has reached a size of a little over 20mm length. The

largest specimens are 53-™. Distinct genital papillae are found in the grown specimens.

The colour is dark violet; also the spines may be so coloured (always so in life?). According to

a coloured sketch from a living animal (St. 36) the living animal is more claret coloured, or to speak

very exactly, intermediate between viuosus and atro-violaceus , with a tint of atropurpureus*

along the abactinal keel. (Saccardo. Chromotoxia. Ed. II. 1894).

This species was taken by the Ingolf at the following stations:

St. 18 (6i
c

44' Lat. N. 30 29' Long. YV. 1135 fathoms 3°'oC. Bottom temp.) 1 specimen.
-
24 {6f 06'
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also mentioned iu the description (p. 345). As P. Wandeli is not mature at a smaller size than ca. 20mm

length, this difference between these two species seems so essential that they conld for that reason

alone not be regarded as so very closely related. I must, however, be allowed to suggest, that

this statement of the size of the type specimen of P. miranda is a mistake. In the description in Rev.

of Echini as well as in the preliminary description (Bull. Mus. Comp. Zool. I. 1869. p. 272) nothing is

said about the size of the specimen, but in the explanation of the PI. XVIII the figure 1 is said to

represent the specimen magnified 3-5 in diameter . The figure being jo
mm in length, this would

give a size of 20ram for the type specimen. (In Three Cruises of the «Blake II. p. 101 the figures

from the Revision are copied in half size, and the figures are then said to represent the specimen

twice magnified; this would give a size of i8mm for the type specimen). I think there can be little

doubt of the correctness of my suggestion as to the size of the type of P. miranda (which has,

unfortunately, been lost), and thus this difference between P. miranda and Wandeli is reduced to

nothing. (It would also be quite surprising that a specimen of so small a size as 3
-

5
mm should be

mature). The structure of the test of P. miranda is not worked out in the Revision of Echini , but

in Pauamic Deep-Sea Echini p. 140 careful figures are given thereof, from a specimen of i8mm length,

collected by the Blake . This specimen, it must be conceded, agrees very closely with P. Wandeli,

the only differences worth mentioning being that the anal snout bends a little upwards and that the

labrum is large, which I have never found to be the case in P. Wandeli. Remembering, however, the

inconstancy of this feature in P. Jeffreysi, it is not safe to lay much stress on this single feature. I

thus think it very likely, indeed, that the specimen figured in the Panamic Deep-Sea Echini under

the name of P. miranda is identical with P. Wandeli : but on the other hand I cannot think that it

is really P. miranda. A comparison with the original figures in Revision of Echini PL XVIII shows

several important differences. The outline iu side view is very different; iu the figure in Rev. of

Ech. the front slopes forwards from the apical system, iu the specimen figured in Pan. Deep-Sea

Ech. it slopes inwards; but the anal region especially is very different, the projection over the peri-

proct being much larger and the anal snout turning much more upwards than in the specimen from

the Blake
;
the snout is also much broader in the type specimen. The differences pointed out

here hold good also when comparing with P. Wandeli; further I may notice a very consj:>ieuous dif-

ference in the spines. According to the description the primary spines are long, curved, slightly fan-

shaped at the extremity, as also appears in the figures; no serial arrangement of the spines is indi-

cated on the figures or mentioned iu the text. It seems hardly possible that the serial arrangement,

so evident iu P. Wandeli and the specimen from the « Blake
,
could have escaped completely the

notice of the author of Revision of Echini , the figures looking, indeed, much too good and carefully

drawn for suggesting such an omission. Also the length of the spines is very different from what is

the case in P. Wandeli. — Further the large tentacles in the odd ambulacrum and the coloration are

conspicuous differences from P. Wandeli. In my opinion it can scarcely be doubted that the specimen

described and figured in Panamic Deep-Sea Echini as P. miranda is not that species but P. Wandeli,

(or a nearly related, undescribed species
— comp. below), whereas P. miranda. which has still to be

rediscovered, belongs to a quite different type of Pourtalesise, characterized (as far as hitherto known)

by the broad anal snout, the large front tentacles and the comparatively short, not serially arranged
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spines. In these characters /'. miranda agrees with P. laguncula, and Agassiz ( Challenger -Echini

p. 1371 is certainly right in stating that this species is closely allied t<. P.miranda . Also the P. Tanneri

is regarded by Agassiz as closely related to P. laguncula; it
is, however, not clear from his otherwise

(regarding the structure of the test) very elaborate description and figures of this species, whether it

agrees with laguncula (and miranda) in the shape of the spines and the development of the front ten-

tacles. Of the spines it is only said: the primary radioles on the flanks of the test are also longer,

while in P. laguncula and P. miranda they are somewhat spathiform (Pan. Deep-Sea Kch. p. 132). The
front tube-feet are not mentioned at all. Having received a specimen of /'. Tanneri from the Q. S.

National Museum I can state that the spines are not widened towards the point, whereas the frontal

tube-feet are really rather large and conspicuous The pedieellaria: do not afford any proof of a close

relationship between P. Tanneri and laguncula. In the former species I have found only rostrate

pedicellariae with rather slender valves (PI. XI. Fig. n) and small tridentate pedicellariae of the same

form as in P. Jeffreysi.

In P. laguncula (examined in the British Museum) I have found (in a specimen from St. 232)

globiferous pedicellariae with the valves ending in two or three long teeth, resembling closelv those

of P. carinata (comp. PI. XL Figs. 16, 22), ophicephalous pedicellariae with rather elongated, slender

valves (PI. XI. Fig. 12)
—

(differing considerably from those figured in the Chall. -Ech. PI. XLIII. 18

—
19 under the name of < Clypeastroid-like pedicellariae, so much, indeed, that they can scarcelv be-

long to the same species)
— and two forms of tridentate pedicellariae, viz. the usual small form, which,

however, here occurs also with the apophysis continuing into the outer edges of the blade, and a

larger form with long and slender valves with the blade almost flat (PI. XI. Fig. 33), the outer edge

very finely serrate. (This form differs so much from the pedicellariae of the other species that it may

perhaps be suggested not to belong really to this species). Of rostrate pedicellariae I have found onlv

one small specimen, which does not differ essentially from those of P. Tanneri. Small spicules, in the

shape of fenestrated plates are found in the large frontal tube-feet.

The form figured in the Challenger -Echinoidea PI. XXXI. 7
— 11 and mentioned (p. 138) as

younger specimens of P. laguncula showing considerable variation in the outline can hardly be the

same species as that figured in the same Plate, Figs. 1— 6, which must be taken as the type of the

species. The latter specimen was 22mm
,

that represented in the figure 7
— 11 was i2 mra in length. It

seems hardly conceivable how so great a difference in the shape of the test could be due merely to

changes during growth, and a growth only from 12 to 22 min in length. This is made even more un-

likely when we learn ( Chall. -Ech. p. 138) that some of the specimens with narrow anal snout char-

acteristic of the smaller specimens measuring from 12— i6mm were nearly io.
mm in length . The con-

clusion seems quite inevitable that this form with the narrow anal snout is a distinct species, which

will perhaps prove identical with P. Tanneri. The material preserved in the British Museum does not

give the solution of the question, since no specimen is found which can with certainty be recognized

as belonging to the narrow type ( Chall. -Ech. PI. XXXI. 7
—

n). Specimens of the broad type, the real

P. laguncula are preserved from St. 232 and St. 191 (the latter are badly crushed, but can, however, be

recognized as belonging to this form); from St. 169 small fragments only are preserved, which cannot

be recognized as belonging to either of the forms, and the same is the case with the anterior ends

9*
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of two specimens from St. 168. A specimen from St. 244 is certainly not P. laguncula ; whether it is

the narrow form cannot be decided with certainty, since it is very crushed, but it does not seem to

be that form — in that case the figures PL XXXI. 7
—

9 would indeed be very bad. Probably it is a

third species, related to P. phiale. The spines are widened at the point as in the latter species. Also

the true P. laguncula is represented as having the spines distinctly widened at the point (PL XXXI.

Figs. 1—5); in the description they are said (p. 137) to be tapering very slightly or clubshaped . They

are, in fact, not at all widened or clubshaped, but several of the spines are invested towards the point

with a dark brown matter, the nature of which I could not decide. But in any case it is a foreign

matter, not part of the spine itself. The figures cited therefore give a wrong impression of this species

as regards the form of the spines.

Perhaps one more species, allied to P. Jeffreysi and Wandeli, will be found to occur in the

northern Atlantic (warm area). Among the specimens of Pourtalesia Wandeli from the Ingolf St. 40

and further from St. 67 and 68 there are some small specimens (18
—

25™'") of a Pourtalesia. which differ

from P. Wandeli in having shorter and smooth (or very little serrate) spines and the abactinal keel

more developed and produced over the periproet; the anal snout bends a little upwards. In fact

these specimens are rather like P. Jeffreys! ; from this species they differ, however, in having only

three epiproctal plates (5. a. 6—8 and b. 7
—

9), whereas in Jeffreysi of a corresponding size there are

four epiproctal plates on each side (a. 5
—

8, b. 6—9); also the anal snout is flatter in Jeffreysi. The

general shape of the test is as in P. Wandeli, though a little narrower at the anterior end and compa-

ratively a little wider in the middle. The serial arrangement of the tubercles not distinct in the pos-

terior series of plates of the autero-lateral ambulacra. Upon the whole this form is quite intermediate

between P. Wandeli and Jeffreysi. uniting several of the prominent characters of these two species. It

further agrees rather closely with the form figured as P. miranda in Panamic Deep-Sea Ech. ,

excepting the labrum, which is not seen from without in these specimens.
— Whether this be a

distinct species or only a variety of P. Wandeli (or perhaps a warm area variety of P. fcffrtysi) I do

not venture to decide from the present scanty and not too well preserved material; I must be content

with calling attention to this form and leave it to those who will be so fortunate to get sufficient

material to decide the question.

23. Echinosigra' (Pourtalesia) phiale' Wy v. Thomson.

PI. VI. Figs. 1-2, 7. PI. VII, Figs. 1, 7.

Wyville Thomson: Depths of the Sea. p. 90. (394). Ann. Nat. Hist. 4 Ser. X. p. 305. Porcu-

pine -Echinoidea. p. 749. PL LXX. Fig. n. A. Agassiz: «Challenger -Echinoidea. p. 138. PL XXII"

1—5. XXII. a. 1— 2. -- D'Arcy Thompson: (392). Proc. R. Soc. Edinburgh. XXII. 1899. p. 431.
— St.

W. Kemp: The Marine Fauna of the West Coast of Ireland. III. Echinoderms. Ann. Rep. Fish. Ireland.

1902—03. PL II. App. VI. (1905). p. 206.

1 With regard to this name, see below p. 82.

-' In the Report on the Echinoidea of the Porcupine- Wyv. Thomson writes phyaU . Both on account of prior-
ity and etymology phiale is the correct name.
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It seems very doubtful, as pointed out by d'Arcy Thompson (Op. cit) whether the specimen
described and figured by Agassiz in the Challenger -Echinoidea is really the same species as the

P. pktale of Wyv. Thomson. The expression test very much prolonged, almost tubular dors not

seem so very appropriate for the form figured in the Challenger -Report, and the figure given by

Wyv. Thomson does not resemble the figures of the Challenger -specimen very much cither. It

seems, indeed, more like the Pourtalesia paradoxa described below; but Wyv. Thomson's figure and

description of the P. phialc are not sufficiently detailed for deciding the question, and since the type

specimen does not seem to exist any longer, as I am informed by Professor Bell, we must remain at

the decision made by Professor Agassiz and let the species described and figured as I'.phinlr in the

Challenger -Echinoidea keep that name.

Some additions and corrections may be given to Professor Agassi/' description and figures

of the test of this species. Judging from the PI. XXII. a. Fig. 2 the odd interambulacrum is constructed

011 a rather different plan from what is the case in the other species of Pourtalesiae thus far known,

representing indeed, the most primitive structure of the plastron known among the Pourtalesiae;

the labruni and sternum are represented as being in contact with each other, and likewise the ambu-

lacra I and V are continuous, the interambulacra 1 and 4 not separating the first and the second

plates of these two ambulacra. This more primitive structure is the more surprising as this species

is otherwise a very modified form. ( )n a careful examination of the specimens in hand, I find, how-

ever, that the structure of the test is not as represented by Agassiz; it agrees in the main features

with that of the other species. |P1. YI. Figs. 1—2,7). The labrum is large and carries several primary

tubercles; the single plate seen on PI. XXII. a. Fig. 2 of the Challenger -Echinoidea in contact with

the aboral end of the labrum and which de Meijere 1 Siboga- -Echinoidea. p. 168. PL XXI. Fig.417;

interprets as the sternum, as it would undoubtedly have to be interpreted in case the figure were

correct, does not really exist. In continuation of the labrum follows a pair of large plates the ambu-

lacrals I. a. 2 and V. b. 2, which at their aboral eud separate a little to give room for a large, single

plate, the sternum, which is again followed by a pair of elongated plates, the episternal plates. The

two large plates following the labrum show the curious feature of being divided at their oral end by

a longitudinal line, which does not reach to the middle of the plate. It does not join any other line

and thus does not cut off any separate plate. This feature I have found quite distinct in the three

larger specimens examined by me (among which is one from the Antarctic Sea 1

, from the German

South Polar Expedition); in the two smallest specimens I have been unable to trace the limits of the

plates with certainty.

Both the inner plates of the ambulacra I and Y are distinct and rather large and in confor-

mity with the rule: La, II. a. III. b etc.; those of the ambulacra II and IY are much smaller and seem

not to be always in accordance with the rule; thus in the specimen figured PL VI. Fig. 7 the plate

II. b was the larger
— but the limits of the anterior (especially II. b and IY. a) of these small

plates are generally very difficult to see. The pores and tubefeet are distinct in all the 8 inner plates,

but there is onlv one in La. 1 and V. b. 1. The plates La. 1. b. 1 and Y. a. 1. b. 1 are in contact with

1 In this specimen there is also at the outer end of these plates an indication of such a line; but it does not reach

the line from the oral end, so that the plate is not divided.
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the corresponding plates 2, the bivial ambulacra thus not being interrupted by the interambulacra i

and 4. The inner plate of these interambulacra is small, but distinct, at the edge of the invagination

it is separated from the corresponding second plate by the ambulacral plates II. a. 2 and IV. b. 2, some-

times also IV. b. 3, which are prolonged backwards so as to join the ambulacral plates Lb. 1 and V. a. 1. The

interambulacra 1 and 4 are much prolonged backwards, and the plates 1. a. 4 and 4. b. 4 have especially

become very large; in the abactinal part these interambulacra have a forward direction, thus being in

some way bent upon themselves (Fig. 10)
— a feature which is carried to the extreme in P.paradoxa

(see Fig. 13. p. 74). In the interambulacrum 1 in the specimen from which the Fig. 10 was made the

plate 1. a. 3 is abnormally divided into two; also the plate designated 1. b. 4 is evidently abnormal.

Fig. 10. Analysis of Part of the test of Pouriatesia phialc.

The plate marked x is probably part of 1. a. 3, abnormally separated off from the latter.

Whether any of these plates should be interpreted as being compound (in the sense of Loven's He-

teronomy) I do not venture to decide.

The periproct is not sunken; it is surrounded by three epiproctal plates on each side, viz.

5.
a. 6—8 and b. 7

—
9. The apical system (PI. VII. Fig. 7) is disconnected as in P. Jeffreys!; the genital

openings are not developed in the specimens in hand. The primary tubercles are not serially arranged.

— The description and figures of spines and pedicellariae will be given in the Report on the Echi-

noidea of the German South Polar Expedition, founded on the single, very beautifully preserved

specimen taken by that Expedition. The specimens from the Iugolf are smaller (8
—

13™™) and less

well preserved, sufficiently well, however, to show that they agree in every respect so closely with

that from the Antarctic Sea that it is quite out of the question to separate them as a distinct species.

The question whether the antarctic species described in the Challenger -Report as P. phiale is really
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the same as the P.phiale of Wyv. Thomson from the Rockall Channel, thus loses its interest from a

zoogeographical point of view, since in any case this species really occurs both in the Northern Atlan-

tic and in the Antarctic Sea. (Comp. Urechinus naresianus.)

This species was taken by the Ingolf at the following stations:

St. 11. (64° 34' Lat N. 3 1° 12' Long. W. 1300 fathoms 1 6 C. Bottom temp.). 2 specimens.—
40. (62° 00' 21" 36' S45 —

3°$
— —

) 1

-83. (62 25'
- 28 30' 9 i 2 3°5 _

, 1
_

The geographical distribution of the species is: Northern Atlantic (S. of Iceland, Denmark
Strait) and Antarctic Sea. It will doubtless be found to occur all over the Atlantic Ocean. The bathy-
metrical range, as hitherto known, is S45

—
1975 fathoms.

The very interesting morphological relations of the bivium show that P.phiale is really one

of the more primitive Pourtalesi;e, in spite of its modified form. The continuity of the ambulacra I

and V it has in common with Sternopatagus and Pourtalesia carinata, which latter species through
its two pores in the plates I. a. 1 and V. b. 1 as well as by its large labrum, maintains the place as

the least modified of the Pourtalesia-species, (viz. among those species whose structure of the test is

thus far known) 1
. Otherwise important light is thrown on the structure of P. carinata by what has

here been made known of the structure of the actinal part of the test in P. pkiale. A comparison of

the figure of the actinal side of P. phiale (PI. VI. Fig. 7) with the PI. VI. Fig. 42 of Loven's On

Pourtalesia shows almost beyond doubt that the plates named by Loven 5. a. 2 b. 2 and V a. 2 b. 2

are wrongly interpreted. The plate named V. b. 2 is seen to agree very closely with the plate V. a. 2

in P. pkiale; but in case that plate is really Y. a. 2, which can scarcely be doubted, the plate named

by Loven 5. a. 2 really becomes the ambulacral plate V. b. 2.

To be sure, it is separated from the plate V. b. 1, by the corner

of the labrum; but the connection between these two plates in

P. phiale is already so very narrow, that it is very easily con-

ceivable how the total separation has been produced in P. carinata

by the great development of the labrum. The plate V. a. 2 in

Loven's Figure thus becomes a plate of interambulacrum 4.

I may give here a copy of the figure from Loven with my

interpretation of the plates for the direct comparison with P.phiale

Figs. 11 and 12). I think it will be agreed that my interpretation

thereof has all evidence of being the right one. But this leads

to the verv important conclusion that Pourtalesia carinata is
Fig. n. I'art of

not amphisteruous as thought bv Loven as the result of his,
actinal plastron

of Pourtalesia

evidently wrong, interpretation
2 of the plates in this figure, but phiale.

1 De Meijere iSiboga Echin. PI. XXI. 41S p. 1681 represents Echinocrepis cuneata as having the same structure of

the bivial ambulacra, founding his opinion on PI. XXXV. a. 10 of the Challenger*-Ech. Echinocrepis seligera has its bivial

ambulacra separated by the interambulacra 1 and 4 (Panamic Deep-Sea Echini. PI. 67. 1, Fig. 167I. Also the apical system is

verv different in these two species, compact in Ech. cuneata, disconnected in Eih. setigera. It can then scarcely be doubted

that the latter species was unrightly referred to the genus Echinocrepis and will have to be made the type of a new genus.

1 Comp. below p. 83—84.)

It is of course, the fragmentary condition of his material of this species which has caused that interpretation. Not

knowing the real structure of P.phiale, Loven could scarcely interpret these plates in P. carinata otherwise.

Fig. 12. Part of actinal

plastron of Pourtalesia

carinata after Loven.
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meridosternous -- and this is the only reason which Loven can adduce for maintaining the whole

of the Pourtalesise as amphisternous. As far as I can see there cannot be the slightest doubt that

Lambert (Etudes morphol. sur le plastron des Spatangides p. 93) is right in maintaining that the

Pourtalesise are meridosternous (de Meijere also agrees with this); the sternum of the Pourtalesise is

not a compound plate, representing 5. a. 2 + b. 2, but a single plate, viz. 5.
b. 2. The affinity of the Pourta-

lesise to the Urechinida and Ananchytidee cannot then be doubted either, and the systematic position

of the Pourtalesise as an extreme development of the Ananchytidce seems beyond doubt.

24. Echinosigra (Pourtalesia) paradoxa Mrtsn.

PI. VI. Figs. 3
—

6, 17
— 21. PI. VII. Figs. 5, 10, 16, iS. PI. XI. Figs. 2—3, 5—6, 17. 21, 24—25, 27—29, 32. 42 44.

Th. Morten sen. Some new species of Echinoidea. Vid. Medd. Naturh. Foren. Kobeuhavn

1905. p. 243.

The shape of the test of this species is very peculiar, highly deviating from the usual form,

so as to be unique in this respect even in a group containing so many curious forms as the Pourtalesise.

Were it not for the comparatively hard test it would by no means be easy to recognise the Echinoid

in this disguise. It is, indeed, an almost quite natural thing to speak of a head, neck, body and tail

in this species, especially in the largest specimen. Nevertheless, it is easy to see that the structure of

the test is in accordance with the other Pourtalesise, especially with its nearest relation, /'. fihiale, the

remarkable transformation being attained simply by the prolongation of some of the plates, mainly a

few of the inner ones in the bivium, of those of the posterior paired interambulacra and an augmenta-

tion in the number of dorsal plates of the posterior interambulacrum.

The test (PI. VI. Figs. 3
—

6, 17
—21) is very elongated and slender, compressed, distinctly keeled

above and below ; the abactinal keel is distinct in the whole length, from the head to the anal

area; the actinal keel goes from where the test begins to widen and proceeds to the end of the «tail .

In the anterior, headlike widened end is the invagination characteristic of Pourtalesiae; it is rather

short only about a seventh of the whole length. The front end makes only a rather narrow upper

edge of the invagination.
— The head continues posteriorly into a long and slender neck, highly

compressed and so very fragile that it is quite remarkable that it is not broken in two of the speci-

mens. One cannot help thinking that it must be rather unpractical and dangerous to have such a

fragile neck and that it would be more safe to have a flexible test, like Pilematechinus vesica e. g.
—

The posterior part of the test is much higher and broader than the neck , forming the «body», in

which is contained the intestine, the neck having room only for the oesophagus. Posteriori}- the body

narrows into a rather long and narrow anal snout simulating a tail; it bends a little upwards, and is

as usual surrounded by a rather broad fasciole. The abactinal keel is not produced over the anal

area, which is oval, not much sunken. — The test is rather transparent, the largest specimen brownish,

the smaller ones lighter, almost colourless.

As is seen on comparing figures 3
—

5 and 6, 18, 20 of PI. VI the shape of the test becomes

somewhat transformed with age, mainly by the body growing comparatively higher and, espe-

cially, broader (thicker); in the larger specimens the ventral side is rather flat (though always with

a median keel), the test thus keeping the natural position very easily
— a fact probably of no small
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importance for the animal, since it is hardly conceivable, how the animal could get the right position

again, if it were turned over, the short spines being hardly able to set up the thick body with its

heavy contents. In the younger specimens the ventral side is not so flat, but the spines are here com-

paratively larger and in so far better adapted for keeping the body in the right position.

Some measurements are given here of the three best preserved specimens; the two larger ones

have only a few small holes in the test; in the third one the neck is broken, but the specimen is

otherwise well preserved. The other specimens are represented by separated anterior and posterior

ends. — All the measurements are in mm.

Total length Width of head Width of neck Height of .neck Height of body Width of -body Length of tail

37 6 3 5 125 12 4
26 47 2-5 3-8 8 5-8 3-5

22 4'8 3 3-5 7-5 6 3-5

The structure of the test (PL VI. Figs. 17, 19, 21. PI. VII. Fig. 5) is essentially the same as in

P. phiale, the main difference lies in the extreme elongation of the inner plates of the bivium. The

labrum is rather broad and very long, 6-5
mm in the specimen of 26mm length. The inner plates of the

ambulacra I and V are both well developed, narrow and very elongate, joining at their outer end

the second plate of the corresponding series, the bivial ambulacra thus being uninterrupted. Each of

the inner plates carries a single tube-foot 1

,
the same is the case in the ambulacra II and IV, the

edge of the invagination thus being provided with 8 rather well developed and distinct tube-feet. The

plates I. a, II. a, IV. a V. b thus do not carry two pores, but their relative size is in conformity

with the general rule. The inner plate of the interambulacra 1 and 4 is distinct, but, as in phiale,

separated from the corresponding second plates by the widened ambulacral plates II. a. 2—3 and IV.

b. 2— 4. The labrum joins at its outer end the two ambulacral plates I. a. 2 and V. b. 2. They are also

very much prolonged, no less than y^™™ in the specimen of 26""11

length, somewhat widened in the outer

half. As in phiale they show the curious feature of being split up at the oral and aboral end by a

longitudinal line proceeding from both ends a long way into the plates; these two lines, however, do

not join in the middle (PI. VI. Fig. 21), the plates thus being undivided. In this figure the outer part

of the oral end of this plate is seen to be prolonged a considerable distance along the labrum to meet

the first ambulacral plate; in the largest specimen it is — as far as I am able to discern it — not pro-

longed orally down the side of the labrum, in the smaller one it is somewhat prolonged, but not so

much as in the specimen figured here. The sternum is situated very far back; it is not so much pro-

longed, 5
ram

long in the specimen figured; the episternal plates which are comparatively rather short

(3
mm

),
reach the point of the anal snout. The epiproctal plates are three on each side, viz. 5. a. 6—8 and

b. 7—9. The abactinal plates of the odd interambulacrum are not distinctly prolonged, their number

therefore being larger than usual, 15 or 16 in the specimen figured of 26""n length. The bivial ambu-

lacra begin on the abactinal side at the anterior end of the test, being thus very little separated from

those of the trivium, which occupy the usual position at the anterior end of the test. The posterior

paired interambulacra (1 and 4) are very curiously modified (Fig. 13). The plates a. 2 and b. 2 are

1 In V. a there is exceptionally no pore in the specimen figured [PI. V. Fig. 21).

Tlie Ingolf-Fxpedition. IV. -'. JO
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pushed far backwards, separated from the small inner plate at the peristome not only by the ambu-

lacral plates IV. b. 2—4 and II. a. 2—3, the posterior one of them being much prolonged backwards

along the ambulacral plates V.a.i and

I. b. 1, but also by the interambulacral

plates 4. a. 4 and i.b. 4
—

5, which join

the ambulacral plates V. a. 1— 2 and

I. b. 1— 2 for a long way. The plates

1. a. 4 and 4. b. 4 are very much en-

larged, and upon the whole all the

plates of these interambulacra are

unusually large. As in pliiale these

interambulacra are very much bent

upon themselves, the median part

being near the posterior end, where-

as the upper and lower end is at

the anterior end of the animal. That

the interpretation of the plates given

here is correct seems beyond doubt,

from a comparison with P. phiale

(Fig. 10), in which the interpretation

lies quite evident. — The plates of

the antero-lateral ambulacra and in-

terambulacra are rather small, in

accordance with the small size of

the «head». The odd anterior am-

bulacrum contains ca. 14 pairs of

plates ;
I have been unable to count

the number with full certainty. The

invagination is comparatively small,

but otherwise of the usual form.

The peristome is almost round, cov-

ered with rather large plates. The

mouth is a little below the middle.

The apical system is situa-

ted near the anterior end; from the

outside I was unable to see the

limits of the plates in this region
Fig. 13. Analysis of part of the test of Ponrtalesia paradoxa.

with any certainty, but from the inside most of them could be distinctly seen (Fig. 14). Probably the

plate just behind the large inner prolongation from the madreporic plate will really be divided in

two, but I could not distinguish any line there. Also the small innermost plate of the antero-lateral
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interambulacra (posterior series) is a little uncertain, as I was unable to see distinctly the limit betwen

it and the ankylosed genital plate.

There are only two genital openings, covered by long genital papillae; it is probably the an-

terior pair which is found, the posterior pair having disappeared, evidently because there is no room

for more than one pair of genital organs. The madre-

poric pores are rather few in number (PI. VI. Fig. 17),

placed behind the genital pores; in the specimen of 26™'"

there are only two madreporic pores. The genital openings

are present only in the two larger specimens and in a

separated head-end. The smaller specimen shows no trace

of genital openings. This species thus is not mature till a

rather considerable size, since a specimen of 22mm is im-

mature.

The primary spines are rather scarce, only along

the actinal and abactinal keel they are close-set; also along

the anterior border they are more numerous; there is no

serial arrangement of the spines. They are all short, the

longest scarcely reaching 3
,nm

length; they are curved,

widened towards the point, which is generally bifid (PI. XL

Fig. 44); they are more or less serrate, generally more on

one side than on the other. Those along the plastron

are somewhat more widened than the abactinal ones; those

on the posterior end of the abactinal keel bend down over the anal area. The spines within the oral

invagination (PI. XI. Fig. 21) are, as usual, coarser and stronger than those on the outside; they are

curved and more or less sharply serrate along the concave side. The miliary spines (PI. XI. Fig. 43)

are likewise rather scarce in number; they are only ca. o-5'
n,n in length, curved towards the point

which forms a somewhat widened, slightly fenestrated plate. The clavulae of the fasciole are somewhat

stronger, with a rather complicated widening at the point (PL XI. Fig. 42).

The tube-feet along the border of the invagination and those of the odd anterior ambulacrum

are rather well developed, though, of course, simple. They contain rather numerous irregular spicules,

(PL VII. Fig. 18) arranged in a longitudinal series. In the tip of the foot is generally found a small

calcareous ring, evidently corresponding to the more developed cap (or, as it really is, ring) found in

Pourtalesia Jeffreysi and Wandeli (comp. PL VII. Fig. 21).
-- The sphseridise are placed singly behind

the tube-feet along the border of the invagination. They are of the usual shape, quite smooth, except

at the lower end (PL XI. Fig. 25).

The pedicellariae are represented by three kinds, viz. trideutate, rostrate and ophicephalous; no

globiferous pedicellariae have been found. The trideutate pedicellaria; occur in different forms, which

are, however, connected by transitions. The smaller ones (PL XI. Fig. 2) have a short, oval blade, finely

serrate along the edge, except in the lower part ; they differ rather much from those of Pourt. Jef-

freysi etc. by the apophysis continuing into the edge of the blade, whereas in the other species it

Fig. 14. Apical region of Pourlalcsia pai-adoxa.

From the inside.
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ends down on the sides, not reaching the edge. There is a somewhat larger, though very inconspicuous

tooth at the point. In larger specimens (PI. XL Fig. 24) the valves become more slender and elongated

and the tooth at the point more prominent, and in the largest ones (ca. o-2"'
m

head) the tooth at the

point is very long, the blade narrow, the edges serrate only in the outer part, where the valves join.

(PI. XI. Fig. 5.)
- The rostrate pedicellaria; (PL XL Figs. 17, 27, 28) differ considerably from those of

P.Jeffreysi and Wandeli. The blade has not the outer edge sharply set off from the sides; the point

is simply rounded, set with some slender teeth, which continue some way down the side-edges; the

edges are rather thick, having only a small deepening along the middle of the blade with few holes

there, and sometimes near the point a transverse beam, which may be provided with a tooth. These

pedicellaria; may be invested in a rather thick, pigmented skin. — The ophicephalous pedicellaria;

(PI. XL Figs. 3, 6, 32) are not so beautifully developed as in Jeffreysi and Wandeli, though agreeing

in the main joints with these. The outer end of the valves is hardly widened and with rather few

teeth along the edge. I have found only two specimens of them, at the anal area. Also the rostrate

pedicellaria; occur mainly near the anal area; the larger tridentate pedicellaria; I have found within

the oral invagination.

Regarding the inner anatomy I cannot give full information, as I do not want to destroy

one of the better preserved specimens. In a crushed specimen the intestine is preserved; the walls

are, however, so iucrusted with the Globigerina-mud, which fills the intestine, that it is impossible to

discern the convolutions with certainty; likewise I am unable to ascertain the presence of a diverti-

culum or of the siphones, though it can scarcely be doubtful that they will be present as in other

Pourtalesise. -- As in P. Jeffreysi and Wandeli the genital organs differ considerably in shape in the

two sexes: large, bush-shaped in the males, simple tubes in the female. The male genital organs are

situated one behind the other, far back, the posterior one at the beginning of the body ,
and connect

with the genital openings through very long efferent ducts, passing up the whole length of the neck.

(PI. VII. Fig. 16.) In the female the genital organs are situated in the «head», having rather short oviducts.

(PL VII. Fig. 10). The stone-canal evidently runs as in P.Jeffreysi, making a great curve backwards,

following the intestine into the body; to be sure I have been unable to trace it in its whole length,

only the two ends of it (PL VII. Fig. 16), but the fact that it passes backwards through the whole

length of the neck along the dorsal side does not leave any doubt that its course must upon the

whole be as in P. Jeffreysi. There is a slight thickening, representing the axial organ, near the upper

end of the canal. Below the aukylosed genital-madreporic plate there is a rather large calcareous pro-

cess, to which the end of the stone-canal is fastened. The radial water-canals of the bivium are very

thin and inconspicuous, those of the trivium are more distinct; ampulla; I have been unable to find.

This species was taken by the Ingolf at the following stations:

St. 40 (62° 00' Lat. N. 21 36' Long. W. 895 fathoms 3°3 C. Bottom temp.) 1 specimen.
— 68 (62°o6' 22 30' 843 3°4 1(2?) (fragments)
—

83 (62° 25'
— 28 30' 912

—
3°5 4 (two in fragments).

The species is thus known only from off Southwest Iceland, from a depth of 843
—

912 fathoms.

That it will prove to be distributed over a large part of the warm area of the northern Atlantic can

scarcely be doubted.
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The nearest relation of P. (Echinosigra) paradoxa is P. (Echinosigra) phiale; it agrees with that

species in the main features of the test, as also in the pedicellariae and spines. That it is a distinct species

and not only representing the grown form of P. phiale is beyond doubt, as is easily seen by a direct

comparison of the largest specimen of phiale (l"j
mm

)
with the smallest specimen of paradoxa (22"""); both

these specimens show all the characteristics of their species quite distinctly developed
- it would be

quite unreasonable to think that a form like that figured in PI.VI. Figs, i -2, 7 (phiale) could be trans-

formed into a form like that figured in PL VI. Figs. 17, 19,21 (paradoxal during the growth from a

length of i7"
,m to a length of 22 ,nm

. The fact alone that in the specimen of phiale of 17""" the lowest

part of the anterior end is 5
m,n

high, whereas in the specimen of paradoxa of 22""" the neck is only

3
-

5
n""

high, is sufficient to prove them to be two distinct species.

A form like this species is, evidently, only fit to inhabit the soft bottom of the deep sea; in

less quiet regions it would run the risk of breaking the neck. Loven (On Pourtalesia. p. 85) thinks

that several of the more important characters of the Pourtalesia; point though remotely, towards

animal forms of another and higher type, animals of annulose differentiation . Had be known the

species here described, he would probably have seen a confirmation of this view herein, except as

regards the annulose differentiation
,
of which there is no trace. One might easily fancy how such a

form, if it proved favourable in the struggle for life and the species therefore became numerous and

wide spread, might give rise to quite new types, in which the Echinoid organization would scarcelv

be recognizable.
— It is, however, more probable that this form represents an extreme development,

the ultimate end of that branch of the great Echinoid genealogical tree.

I may here give some additional information, mainly on the pedicellaria; of the other species

of Pourtalesiae which I have had occasion to examine in the British Museum.

Pourtalesia carina ta A. Ag. Regarding the structure of the test of this species I may refer to

the remarks above (p. 71), in which I think it is shown beyond doubt that the two plates following

the labrum are not a double sternum, as it is interpreted by Loven, but the ambulacral plates I. a. 2

and V. b. 2, the species thus agreeing with P. phiale and paradoxa in this respect. The material pre-

served in the British Museum, unfortunately, does not allow one to state this by direct observation, no

specimen having more of the plastron left than what has been figured by Loven. In the « Challenger

Report are given several figures of the pedicellaria;, which in the explanation of plates are named:

large-headed, hooked pedicellaria, large-based, slender-pronged and Clypeastroid-like pedicellaria. In

the description they are not mentioned. I have found three kinds of pedicellaria: in this species, viz.

globiferotis, rostrate and tridentate. The globiferous pedicellarise (PL XI. Figs. 16, 22) have the valves

ending in two (sometimes three) rather large teeth; it is this form which is figured in the Challenger

Report PI. XLY. Fig. 49, as a large-based, slender-pronged valve . The head is invested in a thick,

evidentlv glandular skin; there is no neck; the stalk is rather compact. The rostrate pedicellaria;

(PI. XL Fig. 39) are of a pecidiar form; the basal part of the valves is very broad, with finely serrate

edges; the narrow blade is short and thick, with the outer edge rounded, not forming an angle with

the] side-edges; it is rather coarsely serrate, the teeth continuing a little way down the side-edges.

The tridentate pedicellaria; are richly developed; in the larger forms there is a very long tooth at the

point, in smaller ones this tooth is less prominent, or not at all differing in size from the teeth along
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the side-edges. In PI. XIJI. 24—25, PL XL/Ill. Fig. 20 and XLV. Figs. 46—48, 50 of the Challenger- Echini

different forms of tridentate pedicellariae are rather well represented, to which figures the reader may be

referred. I only want to call attention to the fact that the apophysis continues into the edges of the blade

as in paradoxa, a noteworthy difference from Jeffreysi etc. On the other hand it seems rather problem-

atic what may be meant by the figures 21— 23 of PI. XLIII in that work. In the explanation of the

plate they are said to represent different views of Clypeastroid-like» pedicellariae; this generally means

ophicephalous jaedicellarise ,
but these figures can scarcely represent the ophicephalous pedicellarke,

always so easily recognizable e. g. by the cupshaped upper end of the stalk. It may be suggested that

the figure 23 represents a globiferous or perhaps a rostrate pedicellaria; what the two other figures

represent I feel unable to give a reasonable suggestion of, the fig. 22 especially seems quite enigmatic.

The miliary spines are of a rather characteristic form (PI. XI. Fig. 38), the outer end is curved and

rather thick, almost or quite smooth. — The spicules mainly as in P. paradoxa, only a little larger;

the ring at the point of the foot is more developed, more like that figured of P. Jeffreys!.

It is well worth noticing that this species agrees rather closely with P. paradoxa (and phiale)

as regards the tridentate and rostrate pedicellariae, besides in the structure of the test; it can scarcely

be doubted that they are rather nearly related, but the shape of the test and the fact that there are

two pores in the ambulacral plates I. a. 1 and V. b. 1 show P. carinata to be the more primitive form.

Pourtalesia hispida A. Ag. is stated in the Challenger- Echini (p. 136) to be nearly related to

P. Jeffreysi, whereas later on
(
Panamic Deep-Sea Echini* p. 141) Professor Agassiz is inclined to think

it so distant from all the other species that it ought to form the type of a new genus. Unfortunately

the structure of the plastron was not worked out in the Challengers Echini, and there is now no

specimen in the British Museum with the plastron completely preserved. From what is preserved it

seems, however, almost certain that this species agrees with P.Jeffreysi in the structure of the plastron.

The labrum is very small and the two adjoining ambulacral plates very large, especially V. b. 1. It

may further be noticed that the abactiual plates of the odd posterior interambulacrum are not so

distinctly alternating as shown in PI. XXII. Fig. 19 of the Challenger Ech., they are paired as in

/'. feffreysi, at least the posterior six pairs. In the shape of the test P. kispida reminds one rather

much of P. Wan deli, as also the very conspicuous serial arrangement of the primary spines somewhat

recalls that species. The primary spines are thorny as in P. Waudeli, but much shorter. Only one

kind of pedicellariae was found, viz. tridentate. (PI. XI. Fig. 31). They agree with those of Jeffreysi and

Wan deli, the apophysis ending far down on the sides of the blade, another feature speaking in favour

of that relationship. They grow a little larger than in these species. In my preparation of pedicellariae

of this species I find a pair of globiferous and ophicephalous pedicellariae resembling exactly those of

Urechinus Wyvillii. Since the specimen examined was from St. 147, from which station likewise Urech.

II 'xvillii is recorded, I suppose that these pedicellariae really belong to the latter species and have

accidentally got between the spines of Pourt. hispida.

Pourtalesia ceratopyga A. Ag. The structure of the bivium of this species is unknown, but judg-

ing from the edge of the actinal invagination, as made known by Eoven, it may well be suggested

that it will prove to have the bivial ambulacra uninterrupted as in carinata. The plastron is not pre-

served in any of the specimens in the British Museum. In a fragment from St. 299 I find two pores
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in the ambulacra! plate Y. b. r, but not in La. i. I may call attention to the fact that the abactinal plates

of the odd interambulacrum are alternating, not paired as in P. Jeffreysi, as correctly figured by Agas-
si/, and Loven. The pedicellariae are upon the whole well figured in the Challenger -Report, though

no mention is made of them in the text. The forms figured there are globiferous, ophicephalous and

tridentate. The globiferous pedicellariae (figured in PL XLV. Fig. 56 as a broad based, slender-pronged,

and hooked pedieellaria ) agree rather closely with those of /'. carinata. The ophicephalous pedicel-

lariae (figured in PI. XLII. Fig. 18, XLIII. Fig. 16 and XLV. Figs. 53— 54 as Clypeastroid-like pedi-

cellariae) differ from those of P. Jeffreysi in having more numerous teeth along the edge of the ter-

minal widening, and these teeth continue along the : dorsal side of the widening, whereas in Jeffreysi

they are only found along the inner side. This feature is well shown on PL XLV. 53.
- The pedi-

eellaria figured in PL XLIII. 17 is said to be a small Clypeastroid-like (ophicephalous) pedieellaria.

This must, evidently, be a mistake; the long neck shows that it is no ophicephalous pedieellaria, this

form of pedieellaria; being always devoid of a neck in the Irregular Echini. Probably it is a small

tridentate pedieellaria like that figured in PI. XLII. 20, only with the valves opened. The tridentate

pedicellariae occur in two forms; probably there will be found intermediate forms as in carinata, but

I have not found such. The smaller form has simply leafshaped, more or less elongate valves, with

the apophysis continuing into the edges, (figured in PL XLII. 19
—

20, XLIII. 15 and XLY. 59 as large-

headeds pedieellaria;); the end-tooth is only little prominent in the larger ones. The larger form

(PL XLII. 17, XLV. 57
—

58) has very slender, narrow valves, ending in a rather short hook and with

the edges serrate only near the point; this is a rather large form, the head reaching a length of ca. o'j
mm

.

Regarding Pourtalesia rosea A. Ag. it is stated in the « Challenger -Echinoidea (p. 140) that the

tuberculation of this species, and the shape of the test, must have been very similar to that of Pour-

talesia ceratopyga*. In the British Museum are preserved only the anal snout represented in PL XXII. a.

Figs. 3—5 and some very poor fragments connected with a genital organ; from these fragments alone

it is certainly impossible to judge of the shape of the test — it seems even not very likely that they

belong to one species. The figures given in the Challenger Ech. do not give a better proof of the

shape of the test; the apical area figured in PL XXII. a. Fig. 6 with the large thin plates, showing

distinct concentric striation, recalls much more the thin plated Cystechinus clypeatus than a species of

Pourtalesia . and it still more resembles the apical system of Sternopatagus as pointed out by de

Meijere (Op. cit. p. 163). (I have been unable to detect the apical system among the fragments pre-

served in the British Museum). I want to maintain that there is no proof in the description and figures

given in the Challenger -Echinoidea, and neither is such proof afforded by the fragments preserved

in the British Museum, that the apical system figured PL XXII. a Fig. 6 really belongs to the same

species as that to which the anal snout figured in the same plate Figs. 3
—

5 belongs, and I for im-

part think it probable that this apical system does not belong to any Pourtalesia at all, no other

species of this genus having a compact apical system. To be sure, Duncan states in his «Revisiou

(p. 282) that the apical system of P. miranda is compact like that of P. rosea, as can most distinctly

be seen on the PL XVIII. Fig. 9 of the Revision of Echini . This figure, however, only shows four

genital openings close together
- - it does not show anything of plates, especially of the posterior

ocular plates. Until P. miranda has been rediscovered and carefully examined we may think it probable
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that its apical system is like that of P. laguncula, evidently its nearest relation. (Loven. On Pour-

talesia. PI. VII. Fig. 52).

I have found two kinds of pedicellarise in P. rosea, viz. ophicephalous and tridentate. The

ophicephalous pedicellarise (PI. XI. Fig. 26) are rather large, with elongated, slender valves. The ter-

minal widening is smaller and has fewer teeth than in P. ceratopyga. The tridentate pedicellariae (only

one form found) have simply leafshaped valves; the eudtooth is a little prominent, the apophysis con-

tinues into the edges of the blade (PI. XL Fig. 15). I have noticed especially that the ophicephalous

pedicellariae were found on the fragment of the posterior end (— about the tridentate pedicellariae I

have forgot to notice that especially, so they may perhaps belong to the other fragments
—

); they

are sufficiently characteristic for distinguishing this species from any other of the species hitherto

known of this genus — and, evidently, it is the species represented by the anal snout-fragment which

must keep the name Pourtalesia rosea, not that represented by the fragment with the apical system,

which is probably no Pourtalesia at all. The affinities of Pourtalesia rosea must, of course, be left

undecided, so long as we know almost nothing of its shape and structure of test 1
.

Pourtalesia laguncula A. Ag. and Tanneri A. Ag. have been treated above (p. 67).

The question whether all the species referred to the genus Pourtalesia can rightly remain to-

gether in this single genus has repeatedly been treated. In the Challenger -Report (p. 132) Professor

Agassi z comes to the result that all the species must remain in one genus, though the character of

the test seems to indicate two natural groups [P. ceratopyga and rosea forming one group, the rest of

the species another); in his last great work The Panamic Deep-Sea Echini he is inclined to think

that the striking differences found in the various groups of species of Pourtalesise would seem to

warrant the splitting up of the genus Pourtalesia into subsections. We might retain the name of the

genus, Pourtalesia, for the bottle-shaped types allied to P. in iran da, such as P. Tanneri. P. laguncula,

P. Jeffreysi, and form a section of the genus for the elongate P. phiale and another for the stout-

tested P. ceratopyga and P. rosea. P. hispida may yet be found to belong to a special genus . (Op. cit.

p. 141). Duncan (Revision, p. 285) excludes from the genus dJ
. miranda and rosea on account of their

compact apical system and their postero-lateral interradia being separated dorsally.
— Neither Agassiz

nor Duncan propose new generic names for the subdivisions. Pom el (Classification methodique (324)

p. 40) goes more radically to work. He divides the group into four genera. Pourtalesia is restricted to

the species miranda, hispida and
(?) phiale ; a new genus, Phyalopsis, is established for P. laguncula.

another genus, Ceratophysa, for P. rosea and ceratopyga, and a third genus, Phyale, for P. Jeffreysi and.

probably, P. cariuata.

I cannot agree with any of these proposed divisions of the genus; especially those proposed

by Pom el seem to me very unfortunate and quite in disaccordance with the natural relations of the

species. Also Duncan's exclusion of P. miranda from the genus Pourtalesia is very unfortunate, first

because it is the type species of the genus, and further because its apical system is, in all probability,

1 De Meijere (Siboga-Ech. p. 169) finds the statement that the bivial ambulacra are in mutual contact only on the

abactinal side <so dass das Sternum hochstens von den benachbarteu Ambulacren unterbrochen sein kann: in Duncan's
remarks Op. cit. p. 2S1. As far as I can see this is not the meaning of Duncan, on the contrary, he probably means to say
that in P. rosea and miranda there is no contact on the abactinal side between the two postero-lateral interradia. In any
case no new information on the structure of these two species is given there by Duncan.
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disconnected like that of /'. laguncula. It is beyond doubt that in a restriction of the genus the name

Pourtalesia lias to be retained for the group of species to which /'. miranda belongs. Thus far I agree

with Agassiz, whose above cited proposition of a subdivision of the genus is evidently much more

in accordance with the natural relations of the species than Duncan's and Pom el's subdivisions.

Nevertheless I cannot fully accept Agassiz' subdivisions either.

On reviewing the characters of the species it seems to me that one feature may reasonably be-

taken to be of primary importance for a grouping of the species, viz. whether the bivial ambulacra are

interrupted by the postero-lateral interambulaera or not. Also the shape of the test seems rather im-

portant, whereas pedicellarice and spines seem to be of secondary importance. The character of the

apical system, whether it is disconnected or compact, cannot be used, all the species thus far known

having in fact a disconnected apical system '.

The bivial ambulacra are continuous in carinata (almost certain!), pkiale, paradoxa and pro-

bably ceratopyga, disconnected in the other species (P. rosea, hispida and miranda are unknown in this

respect, but the two latter may well be supposed to have them disconnected). Further it is to be re-

marked that P. carinata differs from all the other species in having two pores and tube-feet in the

ambulacral plates I. a. i and Y. b. i. (P. rosea and miranda again are unknown in this respect, though

the latter may doubtless be supposed to have the pores single as in laguncula etc.). Finally it may

perhaps be a character of some importance whether the dorsal plates of the odd posterior interambu-

lacrum are paired or alternating, the latter being, of course the more primitive structure; they are

alternating in P. carinata and ceratopyga, paired in Jeffreys:, Wandeli, hispida , laguncula, Tanneri,

phiale and paradoxa. Upon the wdiole this character evidently cannot, however, be taken too rigorously,

the paired plates generally showing more or less distinct traces of their originally alternating condition.

In typical examples the difference between these structures is very conspicuous, as seen e. g. by a

comparison of Figs. 51 and 52. PI. VII in Loven's: On Pourtalesia. In accordance with the characters

pointed out here as the more important, I think the following grouping of the species will prove to

be the natural one:

1. Bivial ambulacra continuous; two pores in the ambulacral plates La. 1 and

Y. b. 1. Test not especially widened or elongate. Dorsal plates of odd

interambulacrum alternating P. carinata.

2. Bivial ambulacra continuous; one pore in the plates I. a. 1 and V. b. 1. Test

very elongate; dorsal plates of odd interambulacrum paired P. phiale and paradoxa.

3. Bivial ambulacra (probably) continuous; one pore (sometimes two) in the

plates I. a. 1 and V. b. 1. Dorsal plates of odd interambulacrum alternating.

Test much widened anteriorly P. ceratopyga.

4. Bivial ambulacra disconnected; one pore in the plates I. a. 1 and V.b. 1.

Dorsal plates of odd interambulacrum paired. Test not especially widened

or elongated P. laguncula. miranda (?),

Unknown: P. rosea. Tanneri, Jeffreysi, Wandeli and hispida.

1 Whether the genital plates be separate or not, seems to be a character of small importance, since both cases may
occur in the same species. Likewise the presence or absence of the labrum is of small importance, as shown by its great

variation in P. Jeffreysi ami Wandeli.

The [ngolf-Expedition. IV. 2. 1 j
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If we take these four groups to represent genera, or at least subgenera, which seems not at

all unreasonable, the latter group must keep the name Pourtalcsia. Of the names proposed by Pom el

two become synonyms only of Pourtalcsia, viz. P/iyalopsis (for lagunculd) and Phyale (for Jeffreysi).

Only the name Ceratophysa may be retained; P. rosea is named as the first species of this genus, but

the diagnosis is made from ccratopyga. The latter species must then be taken as the genotype. For

the two other groups I may propose the names: Hclgocystis and Echinosigra.

The old genus Pourtalcsia is thus divided into four genera (or subgenera), viz.:

Helgocystis n. g. with the species carinafa (A. Ag.).

Echinosigra n. g. with the species phialc (W. Th.) (genotype) and paradoxa (Mrtsn.).

Ceratophysa Pomel with the species ccratopyga (A. Ag.).

Ponrfalesia A. Ag. with the species miranda A. Ag. (genotype), laguncula A. Ag., Tanneri A. Ag,

Jeffreysi W. Th., Wandeli Mrtsn. and laspida A. Ag.

Perhaps the species Jeffreysi, Wandeli and hispida may yet prove to form a separate genus,

which would then get the name Phyale Pomel.; for the present, however, it seems not necessary to

separate these species from the genus Pourtalcsia, though it must be conceded that they form a dis-

tinct group in that genus, differing from the other species in the shape of the test. P. Tanneri, how-

ever, is in some way intermediate between the two groups (by its narrow anal snout). That it should

be necessary to make P. hispida the type of a separate genus there is no reason to suppose.

Spatagocystis Challenger/' A. Ag. has been very carefully worked out, especially in the Panamic

Deep-Sea Echini >

(p. 141), as regards the structure of the test. Three kinds of pedicellarise have been

figured in the Challenger -Report (PI. XLII. 10— 12 and XLV. 39
—

43), though - as is mostly the

case in that work — not mentioned in the text. I have found (on specimens examined in the British

Museum) two kinds of pedicellarise, viz. trideutate and rostrate. Further I find in my preparation a

single globiferous and an ophicephalous pedicellaria resembling exactly those of Urechinus Wyvillii,

As the specimens examined proceed from St. 147 from which station also Urcch. Wyvillii is recorded,

I think these pedicellarise do really belong to that species, having only accidentally got between those

of Spatagocystis. The tridentate pedicellarise are richly developed, occurring in at least two different

forms, viz. one with simply leafshaped, more or less slender valves with the apophysis continuing into

the edge of the blade (PI. X. Fig. 20 represents a small specimen of the slender form; larger specimens

are rather similar to those of Bicliinocrepis cuncata), and another with rather short, broad valves, nar-

rowed in the lower part of the blade and terminating in a more or less prominent hook (PI. X. Fig. 10);

this is evidently the form figured in the Challenger -Report PI. XLII. 10 and PL XLV. 39
—40 as a

large-headed pedicellaria. I have not found so much meshwork in this as figured in the PI. XLV.

40 of the Challengers; there is often nothing at all. The form figured in PI. XLII. 12, evidently an-

other form of tridentate pedicellaria;, I have not seen. The rostrate pedicellarise, figured as short-

headed, toothed, cup-pronged pedicellarise (PL XLII. 11 and XLV 41 and 43), are of a quite typical

form, with the outer edge of the rather short and broad blade provided with ca. 10— 16 thick teeth

(PL X. Fig. 18); the edge of the basal part is generally closely serrate, though not always so regularly

as in the specimen here figured. The stalk is more or less thorny (PL X. Fig. 35).
— There is a very
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distinct calcareous cap in the point of the tube-feet (PI. VII. Fig. 17), though not formed by one plate.

The spicules are of the usual form, lying in two close longitudinal series.

Echinocrepis cuneata A. Ag. In this species the bivial ambulacra are evidently uninterrupted

l Chall. -Ech. PL XXXV. a. 10), as is also pointed out by de Meijere t Siboga -Ech. p. 168). In Pan.

Deep-Sea Ech. p. 147 Agassiz states that the arrangement of the actinal plates of Echinocrepis

cuneata is, according to Loveu (Pourtalesia. PI. VII. Fig. 53), much like that of Spatagocystis Chal-

lengeri .... which seems to mean that the bivial ambulacra are interrupted by the interambulacra 1

and 4. This can, however, not be deduced from the small fragment figured by Loveu, and the figure

from the Chall. -Ech. quoted above does not seem to be so very incorrect, as it would be, in case

the species really agreed with Spatagocystis in this respect Also Loveu states expressly (p. 17) that

he considers Echinocr. cuneata to differ in a marked manner from P.Jeffreysi, laguncula etc. in

having the bivial ambulacra uninterrupted. Unfortunately the specimen in the British Museum does

not afford any solution of the question, the plastron not being preserved. The apical system
' is com-

pact, the postero-lateral (bivial) ambulacra not being separated from the rest of the apical system

through intercalated plates, as has been shown by Loveu (On Pourtalesia. PI. VII. Fig. 54); I may

further point out the fact that the dorsal plates of the odd interambulacrum are not paired, but alter-

nating (as seen in this same figure) evidently a more primitive condition. Of pedicellarise I have seen

only one kind, viz. tridentate. The small ones are of the common simple leafshaped form, with the

apophysis continuing into the edges of the blade; the larger form is figured in the Challenger -Re-

port PI. XLY. Fig. 44, I have only to add that generally there is a wingshaped keel along the dorsal

side of the blade (PI. X. Fig. 39). The spicules are rather numerous, simple or triradiate.

Echinocrepis sctigera A. Ag. differs from E. cuneata in several important features. The bivial

ambulacra are interrupted on the actinal side by the postero-lateral interambulacra, and the apical

system is disconnected. I have found three kinds of pedicellarise (on some small fragments examined in

the U. S. National Museum), viz. tridentate, rostrate and ophicephalous. The tridentate pedicellarise are

of the common form, with simple leafshaped valves (only a small specimen seen). The rostrate pedi-

cellarise (PI. X. Fig. 12) are more or less elongate, the outer edge finely serrate. (Perhaps this form is

not really the rostrate, but another kind of tridentate pedicellame.) The ophicephalous pedicellarise

(PI. X. Figs. 3, 33) are somewhat smaller and more longstalked than usual; otherwise they do not differ

1 Agassiz (Panamic Deep-Sea Ecli. p. 131) says that ^the plates of the apical system of Echinocrepis are not as they

have been described by de Meijere; those of the bivium are well separated by the posterior lateral interambulacra from

those of the trivium. There are the two posterior ocular plates, and the anterior ones are ankylosed, the oculars of the tri-

vium being lost and occupied by the madreporite. (Pis. 67. fig. 2
; 69, figs. 3, 4) ». Quite apart from the fact that Agassiz

here is in evident contradiction to his own statement (p. 146) that in Echinocrepis seiigera the ocular plate can only be

traced in the odd anterior ambulacrum. In the crowding due to the intrusion of the intercalated and interambulacral plates

between the bivium and the trivium they (— evidently the other ocular plates
—

)
have been pushed out of place or resorbed ,

it may be stated that de Meijere's description (<• Siboga -Ech. p. 1621 is quite correct, his description being based on

Lo ven's Figure 54. PI. VII (On Pourtalesia), as expressly named, and it is Echinocrepis cuneata whose apical system is

described, as is also expressly said, not E. sctigera, to which Agassiz refers. Further de Meijere remarks (p. 1641 Xach

Agassiz' Figur (viz. PI. XIII. 1 of the Prelim. Report 011 the Albatross -Echini) scheint die von der Albatross»-Expedition

erbeutete Echinocrepis sctigera audi ein ebensolches, aus einander geriicktes Apicalsystem zu besitzeu, wie Spatagocystis u. s. w.

und wiirde sich somit von E. cuneata scharf unterscheiden . De Meijere's description of the plates of Echinocrepis is thus

quite correct.

11*
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essentially from those of other Pourtalesise '.
— These differences in the pedicellarke are certainly not

very important, and probably Ech. cuneata will also prove to have both ophicephalous and rostrate

pedicellarhe. The more important are the differences in the apical system and the bivial ambulacra,

so important, indeed, that it seems quite unnatural to unite the two species in one genns. I think

it necessary to create a new genns for sefigera, for which I may propose the name Cystocrepis n. g.

Also the difference in the shape of the test is very conspicuous, though perhaps not reliable for

a generic character.

Regarding the systematic position of the family Pourtalesiida I quite agree with de Meijere,

who has in a most skilful manner discussed the whole question ( Siboga -Ech. p. 160— 71); it seems to

me that he has shown beyond doubt that the Pourtalcsiidcr represent a very special development

from the Ananchytides, the highly interesting genus Sternopatagus being in many respects a transitional

form between the Pourtalesiidtz and the Ananchytidm , though already decidedly belonging to the

former family. (I can not agree with Agassiz, who thinks Sternopatagus more related to the Anan-

chytidm whereas, on the other hand, he refers the genus Plexechinus - - in my opinion undoubtedly

an Urechinid — to the Pourtalesiida).

It is Lambert's merit to have first emphasized (in his excellent Etudes morphologiques sur

le plastron des Spatangides»)
2 that the difference between the meridosternous and the amphisternous

structure of the plastron in the Spataugoids is of primary systematic importance, so that the whole of

the recent Spataugoids may be divided into Meridosterni and Amphisterni, names given by Loveu,

who did not, however, clearly point out the importance of these different structures, which he had

detected. The two types cannot be derived one from the other, but must have derived from forms

with a simple, unmodified structure of the odd iuterambulacrum, something like what is found in

Dysastcr and the Cassidulidm. To be sure, x\gassiz (Pan. Deep-Sea Ech. p. 164) thinks that Lambert

«has himself given us the best possible proof of the accuracy of Loven's view of the development of

the amphisternal from the meridosternal plastron. The development of the adult amphisternal Abatus

from a meridosternal young (PI. 99. 1—5, 8) seems to settle this question in favour of Loven's view».

But, as is easily seen, the young Abatus represented in PI. 99. 3 does not show the slightest trace of

a meridosternous structure, both the plates 5. a. 2 and b. 2 being in wide contact with the labruin,

whereas the meridosternous structure, as is well known, means that only one plate (b. 2) is in contact

with the outer end of the labrum. The specimen figured by Agassiz might perhaps be said to have

as yet no sternum developed, the plates 5.
a. 2 and b. 2 being rather small, though distinctly larger

than the following ones. At most this stage can show that the amphisternum is derived from a primitive

structure, where no sternum is developed as yet; in this way Lamberts refers to the figure of a

young PalcEOpneustes cristatus in the Blake -Echini (PI. XXI. 11) as showing comment on doit com-

prendre le developpement amphisterne du plastron, qui precede d'un etat originaire ou les plaques

sont semblables dans toutes les aires interradiales, comme chez les Cassidulides .

1 Whether it is the ophicephalous pedicellarise, which are brilliant glassy heads standing out like miniature spheres

on the dark test» (Pan. Deep-Sea Ech. p. 147) I dare not say.
2 Bull. Soc. de l'Yonne. 1S92.

3 Note sur quelques Echinides cretaces du Madagascar. Bull. Soc. Geol. de France, 3. Ser. 24. 1S96. p. 323.
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In the last named paper by Lambert he evidently does not lay so much stress on these two

different types of plastron since he places the typical meridosternous Menuthiaster in his family

Aeropidee which otherwise comprises forms with the plastron plus 011 moins developpe\ et dans le

premier cas toujours amphisterne : he considers the genus Menuthiaster as une forme profondement

modifiee, avec tendance an retonr vers nn groupement homogene des assules interambulacraires et

dont la disposition exceptionellement meridosterne n'a qu'une importance relative, incapable de pre-

valoir contre rensemble des autres caracteres, notamment le groupement des plaques apieales (p. 323).

This leads us to consider more closely the systematic value of the characters afforded by the apical

system in the Meridosterni. I may then recall the differences occurring among the Pourtalesiidce with

regard to the apical system: disconnected in the Pourtalesia-spedes; compact in Echinocrepis cuneata,

disconnected in Ecli. setigera; compact in Sternopatagus, disconnected in Spatagocystis. Even if it is

scarcely correct to admit species with compact and with disconnected apical systems into the same

genus (for which reason I have made Echinocr. setigera the type of a new genus, see above p. 84),

nobody will doubt that all these genera are very nearly related, and are rightly referred to the same

family '.
— Even among specimens of the same species there may occur rather great differences in

the structure of the apical system - see e. g. the two figures of apical systems of Urechinus nare-

sianus given by Agassiz (Pan. Deep-Sea Ech. p. 156. Figs. 226—27). There can thus be 110 doubt that

the apical system is of comparatively little systematic importance among the Meridosterni, and it

seems to me very irrational to place the meridosternous Menuthiaster among the amphisternous

Aeropidce on account mainly of its apical system, the more so as it differs, indeed, only very little

from the normal structure thereof in the Ananchytidm. Likewise the fascioles are of comparatively

small systematic importance among the Meridosterni I may recall e. g. the subanal fasciole of

Stereopneustes, the marginal fasciole of Calymne, and the fact that in Urech. naresianus some speci-

mens have a subanal fasciole, while other specimens show no trace thereof.

It seems then beyond doubt that the meridosternous and the amphisternous structure of the

plastron is the primary systematic character among the higher Spatangoids. On grouping the genera

accordingly, we get in the group of the Meridosterni: the Ananchythidce (or Echinocorythidee), Urechinidtz

and Pourtalesiidce, in the group of the Amphisterni: the rest of the Spatangidcr. (I cannot here enter

on a discussion of the families of the Amphisterni). It is at once seen that these two main groups

are verv natural, another sign of the correctness of using the structure of the sternum as the principal

character.

Without giving detailed diagnoses of the families of Meridosterni I may point out what to me

appear their main characters. In the Urechinidce the second plate of all the interambulacra is a single

plate
—

probably not the result of the fusion of the plates a. 2 and b. 2, as thought by Loveu,

but of a meridosternous arrangement of these plates in all the interambulacra, as thought by Lam-

bert 2
. The Urechinidm thus represent a separate branch from the Ananchytidce, characterized by the

1 Agassiz, it is true, doubts that Sternopatagus is really a Pourtalesiid, but - in my opinion without sufficient

reason. Gregory lin Ray Lankester's Treatise on Zoology. III. p. 321) places Echinocrepis and Spatagocystis in the family

Spatangidiv, even in two different sections, whereas Poui-talesia is kept as a distinct family. This classification is, indeed, so

absurd, that it needs no refutation.

; In the great Monograph of Echinocorys I.Mem. Mus. d'hist. nat. de Belgique. II. 1903) p. 26 Lambert says: en

realite, je ne crois pas que le systeme perisomatique interradial des Echinides comporte une seule plaque double, pas meme
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single plate 2 of the anterior interambulacra and by the simple pores. The figure of Offaster corculum

given by Loven (On Pourtalesia. p. 92) is highly interesting as showing the beginning of such an

arrangement in the antero-lateral interambulacra
;
this form does undoubtedly show us the way from

the Ananchytidce to the Urechinidce — also the pores are very small and the ambulacral plates high

in this form, characters pointing towards the Urechinidce, but the pores are, however, double as in

the true Ananchytidce.

The Pourtalesiidce evidently form another separate branch from the Ananchytidce^ with which

thev agree in having the second plate in the antero-lateral interambulacra paired. The main char-

acter of this family otherwise is the oral invagination of the anterior ambulacrum with the struc-

tural features of the actinal part of the test resulting therefrom , and the vertical position of the

peristome. The homoiopodous condition of the tube-feet can no longer be regarded as a family char-

acter, since Sternofiatagus is shown to have penicillate actinal tube-feet like the Urechinidce and An-

anchytidce; but the simple or even quite rudimentary pores afford another good distinguishing char-

acter between this family and the Ananchytides, in which the pores are double. Whether we have to

seek the transitional forms between the Ananchytidce and the Pourtalesiidce in such forms as Infulaster,

Hagenowia or Stegaster I dare not have any definite opinion, being too little acquainted with these

genera; but as far as I can see it is rather probable. In any case the Urechinids cannot be regarded

as ancestral forms of the Pourtalesia;
;
the single plate 2 in the antero-lateral interambulacra is alone

a sufficient proof that there cannot be a direct genetic connection between these two families.

The genus Calymne cannot be referred to either of the two families named, differing from the

Urechinidce in having the plate 2 of the anterior interambulacra paired, from the Pourtalesiidce in

having no oral invagination and from the Ananchytidce in having simple pores. It must then, evidently,

form a separate family, Calymnidae. Whether the marginal fasciole is a family-character it is impos-

sible to decide, as long as this form is the only one known of the family; but judging from the other

families it will scarcely be more than a generic character.

The genus Pilematechinus would be exceedingly interesting, in case the structure of its plastron

were really as figured and described by Agassiz in the Panamic Deep-Sea Echini ; it would then

be a living representative of the forms in which the plastron is still in the primitive condition, known

in the Collyritidce and Cassidulidce, and from which the meridosternous and amphisternous plastron

are later developments. Pilematechintis would then be the most primitive of the recent Spatangoidea.

It can, however, scarcely be doubted that Pilematechinus is a true meridosternous form, belonging to

the Urechinidce, the plate interpreted by Agassiz as the labrum being in fact two plates, a short

labrum followed by a larger sternum. -- A feature of great interest in Pilematechintis is that it has

comparatively well developed auricles; this evidently points towards the Guatliostoniata, viz. the Holcc-

le labrum . This would involve the incorrectness of all the cases of Heteronomy in the Interambulacrum 1 in the Spatangidcc,

pointed out by Loven. Though I cannot follow Loven in all these instances, I think that in many of them Loven's inter-

pretation of the larger plates as being fused from two or three is quite correct. That the labrum is really a single plate I

most decidedly agree with Lambert, and I suppose that I am likewise in accordance with Lambert in rejecting his previous

view (Etudes morph. sur le plastron des Spataugides. p. 63, 72), that in the Spalaugida the labrum should be considered

comme une piece complexe formee par la soudure intime de divers elements empruntes aux deux series des assules con-

stitutives de rinterradium impair », viz. composed of the two (theoretical) plates a. 1 and b. 1 and further of the plates a. 2

and b. 2, tbe great sternal plates being thus really a. 3 and b. 3.
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typoidea, among which the ancestors of both Spatangoids, Cassidulids and Clypeastrids undoubtidh

must be sought for. The Holectypoidea again must be derived from the Diademina (or perhaps from the

Echinothurids (Streptosomata)\ as must be concluded alone from their perforate and crenulate tubercles.

Gregory (Op. cit.l divides the Atelostomata into the two suborders Asternata (Echinoneida,

Nucleolitida and Cassidulidce) and Sternata (Collyritida, Echinocory/l/id<e. Spatangidee, PalaostomatidcR

and Pourtalesiidce). To this must be objected
—

apart from the position of the Pourtalesiida. —
that the Collyritida are really asteruous. Since the Collyritidee evidently cannot be referred to his sub-

order Asternata, their relation being decidedly with the Spatangoids, I think we must let them rank

as a distinct suborder besides the Ampkisternata and Meridosternata ; I propose to name this suborder

Protosternata.

In my view the ancestral history of the Irregular Echinoids may then shortly be comprised as

follows. The Holectypoidea. which are derived from the Diademina, develop into three separate main

groups: the Clypeastroidea, Cassiduloidea and Spatangoidea. In the former the masticatory apparatus

undergoes a further development, in the two latter groups it becomes lost. Leaving out of considera-

tion the Clypeastroidea and Cassiduloidea we may follow the third branch, the Spatangoidea. From

the more primitive forms of this group, represented by the Collyritidce. two separate main branches

have developed \ each characterized by their peculiar structure of the plastron, in one meridosternous,

in the other amphisternous. The Meridosternata develop through the Ananchytidce, of which the genus

Stcreopncustes is the only known living representative, into three separate branches, the Urechinida, the

Calymnidce and the Pourtalesiida. The Ampkisternata I cannot here follow in a more detailed manner,

having not yet had occasion to study them all very closely ; but I think it beyond doubt that the

more primitive forms are those included by Lambert and Agassiz in the families Aeropida and

Paheopueitstidce, together with the PalmostomatidtB, the more specialised forms being such as Spaian-

gus, Brissns etc.

To seek for transitional forms between the Pourtalesia; and the more primitive amphisternous

forms is, so far as I can see, rather absurd. The Pourtalesise are so far from being embryonic Spa-

tangoids
2 that thev must be regarded as the most specialized branch of the whole group, in which

the development has been carried out to such extremes that it may be hard enough to see the

accordance with the general rules of the echinoid structure. In the Challenger -Eehinoidea (p. 130)

Agassiz finds < the affinities developed in so many directions in the group of Pourtalesise (is) one of

its most interesting features , tracing its relationship to the Brissina, and to such genera as Hemi-

aster. Echinocardium, Lovenia and the like through Aerope, Aceste and Cionohrissus . further «to the

Spatangina proper through such genera as Palaotropus, Genicopatagus and Homolampas, and again

to the Galeritidae and Echinolampacke through such genera as Urechinus and Cystechinus . besides

the rrianv-sided affinities to the Ananchytidae, Dysasteridae, and such genera as Cardiaster, Ho-

laster, Toxaster and the like . Also to the Clypeastroids the Pourtalesise are said to show affinities,

viz. in the simple actinostome and in the structure of some of the pedicellarke (Op. cit. p. 129. Note),

1 I do not mean to sav that they have developed directly from the Collyrilidcr; the real ancestor of the Merido-

sternata and Ampkisternata must have had a simple, not disconnected apical system.
- Rev. of Kill. p. 347. The expression is, strictly speaking, used only of Infutaster and the Ananchytida.
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and even to the Echinidee and Echinometridaz the}- seem to show affinities, viz. through their large

headed (tridentate) pedicellarise (Op. eit. p. 132).
- In the Panamic Deep-Sea Ech. p. 150 Professor

Agassi'Z finds it interesting to trace the changes between Ponrtalesia proper with its bottle-shaped

outline, deeply sunken actinal and anal grooves, its well developed anal proboscis, and such a type

as Plexechinns, in which the Pourtalesian features have almost disappeared, to pass into a more An-

anchytid type, represented by Urechinns and Cystechinns. In the further development the rudimentary

phyllodes and labium become specialized in Genicopatagus, Argopatagus and Homolampas. Next An-

anchytid petals like those of Paleopneustes, Linopneustes lead us gradually to the petaloid type of

the recent Spatangoids-.
— On p. 173 it is stated for Argopatagus that the fact that the second plates

of the posterior zone of the posterior lateral ambulacra almost separate the labium from the sternum

as in Plexechinns is an indication of the affinities of the genus to the Pourtalesise».

Agassiz thus evidently seems to consider the Pourtalesiae as the centre from which all the

other Irregular Echinoids have developed ;
that the group itself has developed from one of those

named does not seem to be the meaning of the famous Echinologist
— the Pourtalesise are evidently

regarded as embryonic- forms, which have given rise to all the different groups, to which the affi-

nities are pointed out, since the affinities- probably must mean real genetic relationship. I think I

need not here point out in a more detailed manner that the more prominent characters of the Pour-

talesiae are highly specialized, not at all embryonic. But Professor Agassiz does not seem to take

into consideration that the different characters are not of the same value; structural characters of

the highest systematic importance and irrelevant, vague resemblances are regarded as equivalent

criteria of relationship. (Comp. my remarks on this theme in the Echinoidea of the Danish Siam-

Exped. p. 50.)

Also Urechinus naresianus is held by Agassiz (
Blake -Ech. p. 52) to be a representative of

the oldest Spataugids, leading us little by little to Spatangoid genera in which the ambulacra become

more or less petaloid, as in Homolampas, Paleopneustes and the like, till we get the modern type of

Spatangus proper, with well defined petaloid ambulacra and a highly developed subanal fasciole etc.

It is evident that the quite rudimentary abactinal tube-feet and pores in Urechinus is a highly speci-

alized feature, which may possibly give rise to further stages in which these tube-feet and pores com-

pletely disappear; but it is rather inconceivable how these rudimentary pores and tube-feet, which

doubtless represent a reduction from the more primitive condition, where the pores were double and

the tube-feet well developed, should again give rise to petaloid structures with large, double pores

and well developed tube-feet. Also the fascioles have doubtless developed separately in several groups

— in the same manner as the polvporous condition of the ambulacra among the Echinina. — The

same objections may be made against regarding Calymne as holding < an intermediate position between

the Pourtalesiae proper and such genera as Paleopneustes and Palrcotropus ,
and against finding in

Cystechinns (Urechinus), Ponrtalesia — and the allied genera Palaotropus, Neolampas and the like

a proof of <the affinities of the Spatangoids with the Echinolampadre .
(
Chall. -Ech. p. 148).

- Upon

the whole I cannot join Professor Agassiz when expressing his joy of how the structure of so many

of the Spatangoid forms is satisfactorily explained by the different genera of Pourtalesiae collected by

the Challenger- and how greatly the knowledge of the members of this family has helped us to
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understand the true relationship not only of many aberrant groups of Spatangoids, hut also their

relationship to the Clypeastroids and Echinolampadae .
( Chall. -Ech. p. 148).

I give here a graphic representation of the mutual relationship of the Spatangoids, as I under-

stand it. It will be seen that my view of the Meridosternata is in rather close accordance with that

represented in the tabular view of the Meridosterni given by Lambert. 1

I may notice expressly that

it is not meant as a genealogical tree of the genera. As for the families, I do not doubt that they

have reallv been derived from one another in the direction here indicated.

Plexeehinus

Cystechinus(?)
2

Pilematechinus

Urechinus

Pourtalesia Echinosigra

Spatagocystis Ceratophysa

Cystocrepis Helgocystis

Eehinoerepis

Calymnidse Sternopatagus

Stereopneustes

Ananchytidae
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Clypeastroidea

Collyritidae
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Holectypoidea

SpatangidseJ

PateostoinatidDe

Palseopneustidse

Aeropidae

Cassiduloidea

Diademina

1 Etudes morph. sur le plastron des Spatangides. As for Lambert's remark (Op. eit. p. 93) that the Pourtalesiae

must form a small separate family reliee par Urechinus aux vrais Ananchytidce et rattaehee aux Spatangidce par Pa/aotropus
et Pkysasler . I must refer to the above remarks against seeking transitions between the Pourtalesiae and the Amphisternata.
Lambert is here, evidently, in disaccord with the views otherwise expressed throughout that excellent paper.

-' This genus is quite insufficiently known and possibly does not really belong to this family. iComp. above p. 46, 49).

3 Seusu latiori, comprising Spaiangina, Brissina etc.

The Ingolf-Expedition. IV. 2. j2
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Suborder Amphisternata.

Fam. Spatangidae.

It may be expressly stated that by including here in the < familys Spatangida all the genera

mentioned in the following, viz. Aeropsis, Hemiaster, Schizaster, Spatangus, Echinocardium and Bris-

sopsis, besides some few others, as Accste, Pcriastcr which I have taken the opportunity to discuss, I

do not mean to maintain that all these genera do really belong to one and the same family. It is only

a provisional arrangement; so long as I have not studied more carefully all the recent genera of

Amphisternous Spatangoids, or at least so many of them as are available for me, I do not want to

give my view of their classification. I hope to be able to do so in Part II of the Siam-Echinoidea.

Aeropsis noni. nov.

The name Aerope by which Wyv. Thomson designated the curious Spatangoid described by

him in The Atlantic I. p. 381 was preoccupied and thus cannot be kept for the Spatangoid. It was

first used by Leach, though only as a Manuscript name, Acrope bidens, for a crab of the genus

Macrophthalwms Latr. [Macr. parvimanus Latr.).
1 Later on, in i860, it was employed by Albers for a

pulmonate Gastropod of the Fam. Ilelicoidea [Aerope caffra; South Africa)
2

. It is thus beyond doubt

that the Spatangoid named Aerope in 1877 must have another name. I therefore propose the name

Aeropsis, which recalls the old familiar name so much that this change of name can scarcely give

much trouble.

25. Aeropsis rostrata (Wyv. Thomson).

PI. V. Figs. S— 10, 15, 20, 22. PI. XV. Figs. 1— 2, 5, S, 13, 19—21, 29, 37, 40, 43, 52.

Synonym: Aerope rostrata Wyv. Thomson.

Literature: A. M. Norman: Crustacea, Tunicata, Polyzoa, Echinodermata etc. Biology of the

« Valorous; Cruise 1875. Proc. Royal Soc. 25. 1876. p. 211. — Wyv. Thomson: The Atlantic. I. p. 381.

Fig. 99.
- A. Agassi/.: Challenger -Echinoidea. p. 192. PI. XXXIII. Figs. 6— 13, XXXIII. a. 8—12,

XXXIX. 23, XLI. 7—8. (Non.: PI. XXXIII. 1—5.)
— Verrill: Results of the Explorations made by the

Steamer Albatross? off the Northern Coast of U. S. in 1883. (426). p. 539.

In his description of this species Professor Agassiz points out that his specimens differ con-

siderably in outline, as is also very well seen in the figures given on PI. XXXIII of the Challeuger*-

Echinoidea. Nevertheless he does not regard them as different species, and in his recent work <The

Panamic Deep-Sea Echini (p. 194) it is maintained that the differences in outline of the specimen(s)

figured on the PI. XXXIII of the Challenger >-Echinoidea are all compatible with differences due to

1 List of specimens of Crustacea in the British Museum. 1S47. p. 37.

-' Tryon: Structural and systematic Conchology. KS84. III. p. 18.
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age . This, indeed, seems highly improbable.' The smaller specimen (2o
mm

)
has its genital pores well

developed, and thus cannot be regarded as a quite immature specimen. But a change so enormous as

would be necessary to make the short form like the elongated during its growth from a size of 20"""

to 43""" would he quite unparalleled among Echiuoids - and that change should even take place

after the animal had become sexually ripe. Adding hereto that the smaller, short form is from the

Atlantic, whereas the large, elongated form proceeds from the Arafura Sea (Kee Islands, «Chall.

St. 191); that the latter closely resembles the pacific species A. fulva, and further that a specimen of

34"
,m

length from the Iugolf agrees with the short form in the shape of the lest, we may safely

conclude that the elongated form figured in the Challenger -Echinoidea is not ./. rostrata; if it is

identical with A.fulva is not so certain, perhaps it will prove to be a new species. (Comp. below p. 94).

The specimens from the Iugolf agree very closely in the shape of the test with the figures

given by Wyv. Thomson and with the figures of the short specimen given in the Challenger -

Echinoidea; there can thus be 110 doubt of their identity with A. rostrata, except in case there should

turn out to be more than one species among the short forms. Also the locality agrees: the specimens

of the Iugolf were taken in the Davis Strait, the type-specimen of Wyv. Thomson between Cape

Cod and Cape Hatteras (Chall. St. 45).
2 The locality where it was taken by the Valorous -Expedition

(59 10' Eat. N. 50 25' Long. W. 1750 fathoms), is also in the Davis Strait, and rather near the Ingolf»

stations.

The largest of the specimens taken by the Iugolf is 34""" long, ij
n <m broad and 18""" high.

Another specimen is 25™'" long, i2mm broad and 13""" high. (PI. V. Figs. 8— 10, 15, 20, 22.)
— Concerning

the shape of the test it is to be remarked that it is a little compressed in the posterior part, the

actiual plastron forming a slight keel. The front end is, as pointed out by Wyv. Thomson and

Agassiz, rather abruptly cut; but the anterior edge forms a narrow, almost vertical ridge whose

lower corners are rather prominent. Along the lower edge of this ridge the fasciole passes. The ante-

rior ambulacrum is somewhat deepened almost down to the vertical ridge; only the plates in this

deepened part carry large tube-feet. According to Agassiz (Chall. p. 194) the

posterior extremity turns upwards (in the short form). In his figures that is not

seen very distinctly, to say the least, and in my specimens I do not see it either.

Perhaps this ought to have been said of the large specimen; in A. fulva it is a

distinct feature, as shown by Agassiz in his Panamic Deep-Sea Echini
>,
PL 61. 3;

— on this occasion (p. 194) it is otherwise stated that . the posterior extremity of

A. rostrata slopes quite gradually to meet the rounded anal extremity . Fig. 15- Apical system
of Aeropsis rostrata.

The apical system is described as compact, the madreporic body occu-

pying the greater part of the inner edges of the anterior genital plates and of the eight posterior

plates-. This would give a composition of the apical system of no less than eleven plates, which is

evidently wrong, 9 plates, as is well known, being the usual number of plates in the apical system

1 Duncan evidently also doubted the identity of the two forms, as appears from his remark: It is very important
that separate descriptions of the specimens from Davis Straits and the remote Arafura Sea should be presented to science .

(Revision, p. 272).
2 «The Atlantic , loc. cit. Agassiz does not mention this locality in his Report on the Echinoidea, only Bay of

Biscay and Coast of Spain < besides the wrongly cited St. 191.
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of Spatangoids. In Aeropsis rostra/a the number is even not larger than 7, the two genital plates f

each side being, generally, united into one (Fig. 15); in the smallest of the specimens in hand, 7
-

5
mn ' in

length, the two left genital plates are, however, separate. Duncan (Op. cit. p. 272) suggests that sin

the beautiful drawing given in the < Challenger -Report, pi. XXXIII. a, fig. 10, there is a possibility of

the existence of a fifth imperforate basal plate ;
this figure, however, is too little detailed or exact

for founding a so remarkable conclusion upon, and no such plate exists in this species.
-- The madre-

poric plate occupies only the middle of the right (composed) genital plate; it is somewhat elevated.

Wyv. Thomson and Agassiz have found 4 genital openings; two of the specimens before me have

only two genital pores, a third specimen has three pores, none of them has four pores. The genital

papillse are well developed as in the type specimen. The genital pores have not yet been formed in a

specimen of i^
mm

length, in a specimen of i7
mn >

length they have appeared; it may thus be concluded

that they appear at a size of ca. i6mm length.
— The labrum reaches to the middle of the 2. ambula-

cral plate, as is also seen in the figures in the Chall. -Ech. ;
in the smallest specimen (7'5

mm
)
it reaches

only to the end of the 1st adjoining ambulacral plate on each side. In one of the specimens (that

figured as denuded) the anal area is almost quite naked, in the other specimens it is covered by plates

as described and figured by Agassiz. — It is to be emphasized, that in the general form of the test

the small specimens agree with the large ones — one proof more that the differences between the large

form figured in Chall. -Ech. PL XXXIII. 1—5 and the short, typical form are not compatible with

differences due to age».

The number of tube-feet in the odd anterior ambulacrum increases with age. The specimen

of y^
mm has only two large tube-feet (one pair), the largest specimen has 12 (6 on each side). The

size of the sucking disk is comparatively the same in both small and large specimens
— not distinctly

an embryonic feature . No large tube-feet are developed near the periproct. According to Agassiz

(
Chall. i-Ech. p. 193) there are only ten large tube-feet round the actinostome. I find all the 15 tube-

feet of the inner plates well developed and of the usual form; in the largest specimen those of the

second ambulacral plates likewise begin to develop into the usual form. No spicules are found in the

actinal tube-feet; in the large frontal tube-feet the spicules are very numerous, almost smooth, elongate

rods, not arranged in longitudinal series, but forming a close mail round the foot (PI. XV. Fig. 5).
The

extremely elongate rosette plates consist of a small flat, pointed inner part and a very long outer

part, the edges of which are bent inwards on the lower side so as to form an almost closed, narrow

tube at the inner end; towards the outer end the edges become less and less incurved, the point of

the plate being quite flat. The inner and outer parts of the plate are separated by a distinct widening,

somewhat thickened and with a bow on the lower side, evidently serving as a support of muscles

(PI. XV. Figs. 19, 20). To be sure I have been unable to see these muscles with certainty, but as the term-

inal disk in the preserved specimens is often folded in different ways, it seems almost beyond doubt

that such muscles really occur.

The spines along the odd anterior ambulacrum are long and straight, not widened in the point;

those on the anterior part of the test, inside and outside the fasciole, as well as round the peristome,

are short, spear-shaped, a little curved in the point; those on the posterior end are simple, of medium

length. De Meijere ( Siboga -Ech. p. 195) mentions as a character of A. rostrata, distinguishing this
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species from A. fulva, that no spatelformige spines occur inside the fasciole (evidently judging from

Agassiz' statement in his description of the large form that within the peripetalous fasciole the

spines are longer, not clubshaped I; this does not hold good, at least in the specimens before me.

De Meijere further finds a difference in the structure of the spines of the two species, viz. that in

. /. fulva the widened point of the spines is serrate along the edge, whereas it is smooth in A. rosirata

— founding on the figure (PI. XLI. 7 evidently) given by Agassi/.. This character will not hold good

either; the widened part of the spine is (more or less) serrate at the edge also in A. rostrata. - The

small spines and clavnlse have an * ampulla
' at the point, as found by de Meijere in A. fulva

(PI. XV. Fig. 43).
- The sphaeridise are slender, generally rather elongate; in the anterior ambulacra

thev continue up to the fasciole, in the posterior to the anal area.

Pedicellariee. Only rostrate and tridentate pedicellarise have been found. The rostrate pedi-

cellarise (PI. XV. Figs. 1, 13) have almost straight, flat valves, with the point rounded, not widened,

faintly serrate; neck very short; the stalk may have a faint milled ring below. The head is ca. o-$
mm

in length; the strong brownish adductor muscles between the valves make these pedieellarne rather

conspicuous. They may occur very numerously over the whole test, or very sparingly. The tridentate

pedicellaria; (head up to i ram in length) have simple, leafshaped valves, which join in almost their whole

length. In large specimens the edges are bent somewhat inwardly in the lower part of the blade and

very irregularly serrate. The blade may be open down to the apophysis, or the edges may unite to

form a coverplate over the lower part; generally there is no meshwork in the blade, but in a speci-

men examined in the Museum of Yale College I found the larger tridentate pedicellarise with a rather

richly developed meshwork (PI. XV. Fig. 2). The basal part is rather narrow; the edges may be some-

what serrate. The neck is short, the stalk without a milled ring below. They occur in all sizes from

quite small to ca. i
mm

length of head. (PL XV. Figs. 8, 21, 29, 52.) Quite small forms (PI. XV Fig. 37)

may perhaps better be termed triphyllous. According to a sketch of a living specimen made on board

the < Ingolf the colour is light yellow, the fasciole alone being of a prominent brown colour. In some

specimens seen in the Museum of Yale College the frontal tube-feet were violet —
This species was taken by the Ingolf- at the following stations:

St. 36 (6i° 50' Lat. N. 56' 21' Long. \Y. 1435 fathoms. i°5 C. Bottom temp.) 3 specimens.
-

37 (60° 17'
-

54 05' 1715 i°4 ) 5

The geographical distribution, as far as hitherto known, is the Northern Atlantic, at the Ame-

rican side, and the Davis Strait; the bathymetrical distribution is 1240— 1750 fathoms. In the Chal-

lenger-Report the species is stated to occur also in the Bay of Biscay and at the Coast of Portugal,

as also in the Arafura Sea (Chall. St. 191. 800 fathoms). That the specimen from the latter locality is

wrongly referred to A. rostrata I have shown above. Regarding the locality Bay of Biscay and Coast

of Portugal
2 it may be remarked that in Summary of Results- of the Challenger -Expedition I.

p. 114 A. rostrata is named from St. 2, off the Mouth of the Tagus, 470 fathoms; but since the

specimens were without distinctive Station number, it seems not to be relied upon that the

1 I name it thus, as it is evidently a structure of the same kind as the ampulla > in the secondary spines of some

Cidarids, described by Hainan n and Prouho.
* Duncan (Revision, p. 270) from this expression concludes that one specimen was taken in the Bay of Biscay,

later on another off the coast of Portugal, which there is nothing else to support.
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specimen really came from that locality. Further, since the type specimen of Wyv. Thomson was

taken at St. 45 (38 34' N. 72 10' W. 1240 fathoms)
1

,
and only two specimens are mentioned in the

«Challenger -Report, one of which (St. 191) is no true A. rostrata, it seems not hazardous to suggest

that Bay of Biscay and Coast of Portugal > was wrongly named among the localities of A. rostrata.

Both the localities named in the > Challenger -Report, p. 194, are thus wrong; on p. 220 the locality

Davis Strait is rightly named.

A few remarks must be made on the pacific species, Aeropsis fulva (A. Ag.) The structure of

the test has been very elaborately worked out by Professor Agassiz (Pan. Deep-Sea Ech. p. 194
—

97,

PI. 61, 62), and the spines and pedicellarise have been described and figured by de Meijere ( Siboga -

Ech. p. 195. Taf. XXIII. Fig. 481
—

87). Having examined some specimens from Albatross:: St. 3361 and

3399 in the U. S. National Museum I am able to give a little additional information. In the shape

of the tridentate pedicellarue I do not find any distinct difference from A. rostrata; I have seen none

with meshwork in the blade. The rostrate pedicellarise (only one specimen found) differ distinctly from

those of A. rostrata (PI. XV. Fig. 34); the blade is shorter and broader than in that species and some-

what serrate at the lower end. — In the elongate specimen from the * Challenger St. 191 I find the

tridentate pedicellarise somewhat different (PI. XV. Figs. 6, 12, 27). In the larger ones the edges in

the lower part of the blade are very irregular, somewhat thickened or thorny, and there may be a

rather well developed meshwork. The smaller ones have upon the whole shorter and broader

valves than is the case in A. fulva and rostrata, and there is often some meshwork developed already

(PL XV. Fig. 27, comp. with Fig. 29). These small differences, in addition to those pointed out by Pro-

fessor Agassiz (Pan. Deep-Sea Ech. p. 194), may perhaps tend to show that this specimen from the

Arafura Sea represents a third species, different from A. fulva, though certainly nearer related to that

species than to A. rostrata. Unfortunately the figures of pedicellarise given by Dr. de Meijere are so

little detailed that it cannot with any certainty be concluded from them whether his specimens agree

in regard to the pedicellarise with A. fulva. or with the <Challenger -specimen from the Arafura Sea-

This question about a third species of Aeropsis must be left undecided for the present; but the main

thing here was to show that the elongated form from the Arafura Sea is not A. rostrata, and this, I

think, has been put beyond doubt.

Also on Accste bcllidifera a few remarks must be made here. (I have examined a specimen

from the Challenger- St. 8 in the British Museum, and another from the .Albatross- St. 2117, which

Professor Rathbun most liberally lent me for examination). First as regards the name Aceste, though

apparently so original, it is perhaps a little doubtful if it can be maintained, the name Acesfa having

been used already in 1855 by Adams for a bivalve mollusc (Lima cxcavata). Still the ending of these

two names is really different so that I do not think it necessary to alter the name Aceste. (It might,

otherwise, easily be done sufficiently e. g. by adding only an «s
>,

so that the name would be easily

recognizable).
— Regarding the structure of the test I have nothing to add to the careful analysis

given thereof by Loveu; especially the apical system is seen by Loven's Figure (Pourtalesia. PI. XX.

237) to differ considerably from what is seen in the Pig. 7.
PI. XXXIII. a. of the * Challenger Report.

The pedicellariae have partly been figured by Professor Agassiz, but not all sufficiently de-

' < The Atlantic*. I. p. 3S1.
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tailed. I have found globiferous, rostrate, tridentate and triphyllous pedicellariae, whereas ophicephalous

ones were not met with. The globiferous pedicellariae have a large space in the blade continuing almost

down to the articular surface; evidently it includes a gland, as is the case in the globiferous pedi-

cellariae of the Cidarids. The terminal opening is small, transversely elongate, with one tooth on each

side; the basal part is rather wide, with rounded, smooth edges. (PI. XV. Fig. 14). The Fig. 45, PI. XLIV
of the Chall. -Feb. evidently represents a valve of this kind; that the figure is not sufficiently cor-

rect will be seen by a comparison with the figure given here. I have never seen them with the edge

of the basal part serrate. The rostrate pedicellariae (PL XV. Fig. 32) have rather short and robust valves,

a little widened in the point, which is serrate in the usual way; the apophysis generally a little serrate.

They may, however, also have more elongate and slender valves, with the terminal part somewhat

larger. (PI. XV. Fig. 15). The stalk has a distinct milled ring below. Very small pedicellariae (PI. XV.

Fig. 36) which may perhaps also be termed rostrate are found in rather great numbers inside the

fasciole (on the lateral ambulacra) and in the fasciole itself, among the clavulae. The tridentate pedi-

cellariae are very richly developed, being represented by no less than three distinct forms. The simplest

form has elongate, narrow, simply leafshaped valves, which join in their whole length. The edge is

finely serrate. In the specimen from the 'Albatross* this form is more elongate and narrow; the edges

in the lower part are bent a little inwards and smooth (PL XV. Fig. 51). The second form of tridentate

pedicellariae (PL XV. Fig. 22) has the edge of the blade very coarsely dentate; the blade otherwise is

leafshaped. The third form (PL XV. Fig. 25) is rather like the more slender rostrate pedicellariae, the

blade being narrow with a widened point; but this widened part is not sharply set off from the narrow

part, bending gently inwards. The two latter forms have only been found in the specimen from the

^Albatross*. The stalk of all three forms has the upper end thickened, the lower end provided with a

distinct <milled ring. The neck may be well developed or quite short. — The triphyllous pedicellariae

are like very small and simple tridentate pedicellariae.

The spicules (PL XV Fig. 41) are simple rods, a little spinous (generally only at the ends), not

so numerous as those of Acropsis. The plates of the rosette are elongate and narrow, flat, the edges

not curved as in those of Acropsis (PL XV. Figs. 10, 39).
— The peculiar clubshaped spines found in

the anterior ambulacrum are interesting as showing a possible transition from normal to more special-

ised spines, which may in part perform the functions of pedicellariae >> («Chall >-Ech. p. 196). They arc

certainly interesting, but that they have anything to do with the functions of pedicellariae there is

nothing at all to prove
— it seems, indeed, very improbable that they can perform functions like those

performed by the pedicellariae with their movable valves. It might seem more appropriate to compare

them with the sphaeridiae which are undoubtedly only specialised and transformed spines.

Professor Rathbun (332. p. 89) suggests the possibility of another species of this genus occur-

ring in the Atlantic, on account of a small specimen which differs considerably from the larger speci-

mens
, without giving, however, anything more detailed about these differences. Perhaps the existence

in the Atlantic of a species distinct from A. bcllidifcra would account for the differences between the

figures of the pedicellariae given by Agassi z and by me. In fact I am unable to find in the specimens

examined by me pedicellariae corresponding passably to the Figures 27 and 28, PL XLII, Fig. 25.

PL XLIII and Fig. 46. PL XLIV of the Chall. -Fch. The fig. 28. PL XLJI evidently represents the
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slender form of tridentate pedicellarise; but I have not seen them without neck, and also the shape is

rather different from that seen in the specimens examined by me. The Fig'. 46. PI. XLIV is said in

the explanation of plates to be a valve of both the forms figured in Fig. 27. PI. 42 and Fig. 25. PI. 43,

which seems impossible. It undoubtedly belongs to the first of these. — It might perhaps be doubted

whether the specimen(s?) from Chall.'-St. 272, in the Pacific (between Hawaii and Paumotu), 2600

fathoms, are really identical with the Atlantic specimens. The above mentioned figures of pedicellarice

may perhaps have reference thereto; only some fragments are preserved in the British Museum, so

that the question cannot be solved from that material alone. In case the Pacific specimens prove to

be another species, the specimen from the «Siboga»-Uxpedition (de Meijere. Op. cit. p. 196) will cer-

tainly not be A. bellidifera either. (No specimens from St. 323 of the -Challenger* are found in the

British Museum.) '

That Aeropsis and Acestc are closely related can scarcely be doubted. The globiferous pedieellarioe

of Aceste (such will probably also turn out to exist in Acropsis) undoubtedly point towards Hemiaster,

with which genus Aeropsis and Acestc agree in several important characters: the existence of a peri-

petalous fasciole alone, the ethmophract apical system (in Acestc it is, however, ethmolytic, though the

madreporic pores do not pass beyond the posterior ocular plates (Loven. Log cit.)), the structure of the

spines, and the prominent suckers of the odd ambulacrum. On the other hand the primitive condition

of the mouth and of the paired ambulacra show them to be of a more primitive type than Hemiaster.

The enormous development of the frontal tube-feet, is, according to Professor Agassiz, an

eminently embryonic feature, it exists in the youngest stages of all the Spatangoids of which we

know the development .
( Chall.«-Ech. p. 195). We know the postembryonal development of Ecliino-

cardium flavescens (O. F. Mull.), EcJiinocardhnn cordatum (Penn.)*, Abatus cordatus (Verr.) (Loven. On

Pourtalesia), Spatangus purpureas O. F. Mull.*, Brissopsis tyrifcra (Forb.) (Agassiz. Revision of Ech.

PI. XIX), Hemiaster expergitus Loven* and Schizaster fragilis (Dub. Kor.)*. (On those marked with

an * information will be found in this work.) But in Echinocardium flavescens, cordatum, Spatangus

purpureas and Abatus cordatus at least these suckers can by no means be said to be very large and

prominent in the young specimens. On the contrary, it seems to be the rule that those forms which

have, when fullgrown, large suckers get them early developed, whereas those which have only small or

little prominent suckers when grown up have them small also in the young stages
— as might, indeed,

be expected. It seems then more safe to conclude that the small suckers represent the more primitive

condition, the less specialized stage being, of course, prior to the more specialized. Thus, I think, the

large suckers of Aeropsis and Acestc show these genera to be a rather specialized branch from an

otherwise primitive type; this especially holds good for Acestc, whose test has got its very peculiar

form evidently on account of the extreme development of the odd ambulacrum and its tube-feet.

The affinities of Aeropsis and Aceste to the Schizasterids repeatedly pointed out by Professor

Agassiz seem very probable; also the globiferous pedicellarice are in accordance with this. On the

other hand I am unable to see the real affinity of these genera to the iBrissina
,
likewise repeatedly

1 In the Preliminary Report on the Echini collected, in 1902, among the Hawaiian Islands by U. S. Fish. Comm.
Steamer 'Albatross (Bull. Mus. Com]), Zool. L,. Nr. 8. 1907) published after the above was written, Agassiz and Clark de-

scribe two new species of Aceste (p. 258-59). This fact highly strengthens the doubt of the identity of the Challenger
- and

^Siboga -specimens of Aceste from the 1'acific with the A. bellidifera from the Atlantic.
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emphasized by Agassiz. It is mainly the large fronta] tube-feet which are taken as a proof of this

affinity
— <,the striking resemblance of the young Brissopsis with its gigantic suckers in the odd

anterior ambulacrum (Rev. of Hcli. PI. XIX. 1—2) to the full-grown Aerope, plainly shows the Brissoid

affinities of the genus» ( Chall. -Ech. p. 190); but also the shape of the test is,
if I understand it rightly,

taken as a proof of this affinity (
Chall. -Ech. p. 196). Quite apart from the fact that it seems rather

exaggerated to term the frontal tube-feet of the young Brissopsis gigantic , this isolated feature, the

large frontal tube-feet, does not appear to me a sufficient proof of near relation between these other-

wise very different types; the subanal fasciole so characteristic of Brissopsis seems especially a proof

against the suggested affinity with Aeropsis and Aceste. Also the structure of the globiferous pedi-

eellarire is a proof against more close affinity of these forms, far more important than a possible

resemblance in the shape of the test of Aceste when seen in end view.

If the view expressed above (p. 84
—

85) of the primary classificatory importance of the structure

of the sternum be correct — of which I for my part am fully convinced — it naturally follows that the

affinities of Aeropsis and Aceste to Pourtalesia and other Ananchytid genera, likewise repeatedly emph-

asized by Professor Agassiz, are not real; they are merely superficial analogies. Aeropsis and Aceste

are rather primitive amphisternous forms, which cannot be more closely related to the higher meri-

dosternous genera, and neither can they be taken as showing the passage of the Pourtalesia-group

to the Brissina among the Spatangoids (
Chall. -Ech. p. 190).

26. Hemiaster expergitus Loven.

PI. II. Figs. 1, 4, iS, 20. PL IV. Figs. 6— S, 10—12. PI. XV. Figs. 9, 16— iS, 24, 26, 30—31, 35, 38, 44—45, 47—48, 50.

Synonyms: Hemiaster zonafits A. Ag.

—
gibbosus A. Ag. (?

— see below, p. 102— 5).

Mentzi A. Ag.

Literature: Loven: Etudes sur les Eehinoidees. p. 13. PI. V. 46— 47. XI. 93— 94. XIII. 114— 20.

XXVI. -- On Pourtalesia. p. 53. PI. X. 92. XVIII. 222. -- Bernard (78).
-- Th. Mortensen: Some new

species of Echinoidea. p. 243.

The specimens of Hemiaster dredged by the IngolL, Michael Sars and Thor must un-

doubtedly be referred to the species described by Loven, II. expergitus. Professor Theel most kindly

sent me the type specimens of Loven so that I have been able to make a direct comparison, and

the identity is thus established beyond doubt. The species was hitherto recorded, since Loven, only

from the Talisman* by Bernard, and it is thus a fact of no small interest that it now proves to

occur also in the northern Atlantic, and evidently not very rarely. The specimens before me are of

different sizes, from 5
mm to 37

mm in length; I have further taken a quite young specimen of only 3
m,n

length off Frederikssted, St. Cruz, ca. 500 fathoms, which evidently belongs to the same species. (Loven

had only a pair of young specimens of 10— i4
mm

length). We are thus able to follow the changes

which appear with age.

The shape of the test is seen from the figures representing the naked test and the test with

the spines (PI. II. Figs. 1, 4, 18, 20. PI. IV. Figs. 6—8, 10— 12). The outline is oval, a little broader in the

anterior half. The abactinal side is almost flat, sloping rather strongly from behind towards the front,

The Ingolf-Rxpedition. IV. a. 13
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the vertex being at the end of the posterior petals. The sides of the test are almost vertical, the

actinal side almost flat. The periproct is situated near the abactinal side, in a slight furrow. The

ambulacra are very little deepened.
- The young specimens are somewhat more egg-shaped, but the

posterior end is high as in the larger specimens, the outline in profil being mainly the same; only

in the specimen of 3
mm

length the posterior end is yet rather sloping, the anal opening being very

near the apical system. •.

To give a detailed description of the structure of the test would be superfluous after the

elaborate analysis and figures given by Loven, only a few additional remarks can be given on

account of the larger material at disposal.
— In the younger specimens the peristome and mouth is

as yet quite embryonal, the labrum not prominent at all; in the specimen of 3
mm the peristome is

Fig. 16. Peristome and adjoining part of the

test of a young Hemiaster expergitus, 3""" in

length. 25/j.

Fig. 17. Apical system of a young Hemiasler

expergitus, 3""" in length.
2
5,',. The outline

of the smaller ambulacral plates and of some
of the inner interambulacral plates not quite

sure.

quite pentagonal; the peristomial membrane is full of small somewhat concentrically arranged plates

(Fig. 16). In the larger specimens the labrum becomes by and by rather prominent, a little pointed,

with the edge a little thickened and reverted. Its posterior edge reaches, in the smaller specimens,

only to the middle of the adjoining ambulacral plates I. a. 1 and V.b. 1 (Comp. L,oveu. PL V.46); in

somewhat larger specimens it reaches to the end of the first ambulacral plates, or a little farther on

the right side, as in L, oven's Figure 114 (and his PI. V. 47), and in the grown specimens it reaches

to the middle or even to the end of the second adjoining ambulacral plate on each side (PI. II. Fig. 4);

generally the ambulacral plates of V. b. are a little shorter than those of I. a, so that the right side

of the labrum appears to reach a little farther than the left, but it is really symmetric. In the larger

specimens the inner ambulacral plates are comparatively much smaller than in the young specimens,

and their outline likewise is different. But though it thus looks rather different in the young and

grown specimens, no character for eventually distinguishing two species is to be found herein; it is

a difference due only to age, all transitional stages being found in the corresponding intermediate sizes.
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It is a remarkable fact that in souk of the small specimens only one tubefoot is developed in

the plates I. a. i and V.b.i; the posterior tubefoot in these plates must then develop later on. From

the specimen of 3""" (Fig. 16) it appears that the first tubefoot to develop is the inner one of the

plates I. a. 1, II. a. 1, III. b. 1 then follows that of the plates Lb. 1, II. b. I, ILL a. I and lastly

the outer tube-foot of the plates La. 1, II. a. 1, III. b. 1 It is also seen there that the latter

appears first in the plate IILb. 1. In one specimen I have found both tubefeet developed in the plate-

La. 1, only one in V. b. 1. — Some of the plates in the outer series of the bivial ambulacra may want

pores totally; this may hold good also for one or two of the plates of the inner series between the

proximal ones and those bearing the large subanal tubefeet (the 6th—9th plate).

The apical system of the youngest specimen (Fig. 17) is quite in accordance with that described

and figured in the best possible way by Loven for the more advanced stages studied by him. It is

extremely important to learn, how it is in the fullgrown specimens, as Loven holds its ethmophract

structure to be of very great systematic importance, a view not universally

accepted, the numerous transitional stages from an ethmophract to an ethmo-

lytic condition figured by Gauthier 1

tending especially to show this feature

to be of no primary systematic importance. As shown in Fig. 18 the apical

system of the largest specimen is as ethmophract as that of the smallest speci-

mens, the madreporic plate does not separate the posterior genital plates.

There are four genital pores, with well developed, up to more than 3""" long,

genital papillae. A few madreporic pores are found also in the left posterior

genital plate. The madreporic plate is often somewhat elevated. Fig- 18. Apical system of

Hemiaster expergilus.
The spines of the anterior end of the test are somewhat spearshaped, 37

,nin iu iellgtn _

with coarsely serrate edge, in side-view curved and quite sharp. (PL XV. Fig. 44).

Those on the posterior end of the test are more spoonshaped, with smooth edge; the spines of the

sides of the test are intermediate in shape between these two forms. The spines of the actinal plastron

(PL XV. Fig. 50) are much widened in the point
2

,
the widened part being sometimes almost quite

hyaline, almost without any reticulate tissue in the middle; in others the reticulate tissue has a

greater extent, both kinds occurring together in the same specimen. It is worth noticing that in the

specimen of 3
mm

length these spines are already of the typical form. The spines within the fasciole are

more or less spoon-shaped; those along the anterior ambulacrum increase in length towards the apical

system, the uppermost being the longest, reaching even beyond the fasciole behind (not widened in

the point). The size of the tubercles is, of course, in accordance with this fact, as is seen in Loven 's

Fig. 115. The small miliary spines are mainly of the same structure as the clavulse. (Comp. Agassiz

' Recherches sur l'appareil apical dans quelques especes d'Echinides appartenant au genre Hemiaster . Assoc. Franc,

pour l'avancement des Sciences. 1886. It is especially to be remarked that in a single species, Hemiaster ialnensis, Gauthier

finds all stages represented from a typical ethmophract apical system in the young specimens to an ethmolytic in the large

specimens. (Comp. also: Lambert. Note sur le developpement de l'Echinospatangus neocomiensis d'Orbigny. Bull. Soc. Yonne.

1SS9. p. 11. Note; De Loriol. Notes pour servir a l'etude des Echinodermes. VI. Rev. Suisse de Zool. V. 1S97. p. 175;

A. Valette. Description de quelques Echinides nouveaux. Bull. Soc. Yonne. 1905. p. 44).

2 In the Blake -Echini p. 67 Professor Agassiz says of these spines in the young II. Mentzi: The outer sheath of

calcareous rods becomes solidified as thin lamellae, forming in one case in the primary interambulacral spines of the anterior

part of the test on the abactinal side, above the ambitus, a spearlike head to the shaft of the radioles; in the shorter

radioles of the actinal plastron the lamella; all develop into this spoon-shaped extremity .
— Only two of the lamella: develop

in this manner, the rest of them disappear ou the lower part of the head.

13*
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Chall. -Ech. p. 185, on Hemiaster gibbosus), only somewhat longer and less widened in the point. The

widening is, especially in the elavuke, unequally developed, being largest on the posterior side of

the spine.

The tube-feet of the anterior ambulacrum within the fasciole are large and prominent, with a

large disk, not lobed in the edge. The rosette-plates have been figured by Loven (On Pourtalesia.

PI. X. 92); they sometimes bifurcate in the outer part. The spicules are simple, more or less spinulose

rods (PI. XV. Fig. 38), mostly very numerous in the abactiual tube-feet, less numerous in the actinal

ones; they are arranged in two longitudinal series. The 6—9th (10th) plates of the median series of

the bivial ambulacra bear large tube-feet like those at the mouth, corresponding to the large tube-

feet within the subanal fasciole of Brissopsis etc.

The pedicellarise were hitherto unknown; only Agassiz mentions from H.Mentzi a few large,

stout-stemmed, globular pedicellariae, irregularly scattered over the abactiual surface of the test >. (.Blake -

Echini, p. 68). I find all the usual forms : globiferous, rostrate, trideutate, ophicephalous and triphyllous.

The globiferous pedieellariae (PL XV. Figs. 47—48), which occur both on the abactiual and the actinal

side, are rather conspicuous; the head is about o-5
mm

,
the stalk ca. i

mm
; no neck. The valves are much

curved. The blade is quite closed, tubeshaped, ending in a transverse-oval opening, whose outer edge

is generally provided with 6 teeth, the inner edge being generally smooth. The basal part is rather

wide, with smooth edges. In a specimen from the < Talisman -, examined in the Paris Museum, I find

also the inner edge of the terminal opening provided with teeth and the edge of the basal part more

or less serrate (PI. XV. Fig. 24). The stalk is simple without thickenings or free projecting rods. The

rostrate pedicellaria; (PI. XV Figs. 9, 16, 18) have rather straight valves, curved only at the outer end.

The blade is narrow, open, with a terminal widening, differing to some degree in extent; it is gene-

rally short, but may take as much as the outer half of the blade. The edge of the widened part is

finely serrate, the edge of the lower part smooth; in larger specimens there may be some cross-beams

between the edges in the lower part of the blade. The edge of the basal part is generally more or

less serrate. No neck
;
the head of the largest specimens seen of this kind was o-5'"

m
.
— The trideutate

pedicellaria; are of two kinds; the one (PI. XV. Figs. 17, 30, 45) is very small (head ca. o-2mm ), with a

well developed neck. The blade is simply leafshaped, a little narrowing below. The edge is smooth

in the lower part, serrate in the outer part, the serrations increasing in size towards the end of the

blade and generally directed outwards, which gives the valves a rather characteristic appearance. The

stalk is delicate, tubeshaped. The second form (PL XV. Fig. 26) is larger (head ca. o-4
min

), the valves

join in their outer half, the edge of this part being somewhat irregularly serrate. Only one specimen

of this kind was seen; perhaps transitional forms may be found. — The rostrate pedicellarise with a

large terminal widening may be rather like this second form of trideutate pedicellarise, and it may

not always lie possible to determine whether such a pedicellaria is to be termed rostrate or trideutate

-
as, upon the whole, the distinction of these two kinds of pedicellariae is not very sharp.

- The

ophicephalous pedicellaria; (PL XV. Fig. 31) I have found only in the smaller specimens; they are small,

shortstalked, without a neck and with the upper end of the stalk cupshaped, as usually among the

Spatangoids. The blade is round, only faintly serrate in the edge; there is no prolongation from the

lowermost of the three arcs. — The triphyllous pedicellarise have a somewhat elongate blade, rather
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strongly serrate at the edge (PI. XV. Fig. 35). The sphaeridiae do not present prominent features; they

occur (in the larger specimens) also at the large tubefeet at the posterior end of the test.

It is an important fact that even in the smallest specimens there is no trace of a latero-anal

fasciole, so that it may be regarded as proved that this faseiole is never found in Hemiaster a very

characteristic difference from the young of the genus Abatus. In the young Abatus there is a large

fasciole enclosing both the apical system and the anal area; a transverse band then develops between

the apical and anal area, and the part of the original fasciole behind the transverse band thus

becomes the latero-anal fasciole, whereas the anterior part of the original fasciole in connection with

the transverse band forms the peripetalous fasciole. In Hemiaster the anal area is never intrafasciolar. 1

In the specimen of 3
mm the peripetalous fasciole is already distinct (Fig. 17), and at a comparatively

large distance from the anal area. It is very small and in the anterior petal only one tube-foot is

distinct — and by no means very large
— and two more are about to appear. In specimens a little larger

the peripetalous fasciole is very prominent, broad, but still enclosing only a very small space (PI. IV.

Fig. 10); upon the whole the fasciole is comparatively much broader in the smaller specimens. The

odd anterior ambulacrum develops early, thus at a size of 5
— 6'"'" already 4—5 rather large tube-feet

are formed. The paired petals are not developed till later on. In a specimen of iom,n length I find in

the antero-lateral petals 5 pairs of pores in each series, but of the postero-lateral petals no trace is

seen as yet. In a specimen i2mm in length I find 2 pairs of pores in each series in the postero-lateral

petals. The smallest specimen in which I have found the genital pores developed was i4'
n,n

long.

This species was taken by the «Ingolf» at the following stations:

St 24 (63 06' Lat. N. 56 00' Long. W. 1199 fathoms 2°4C. Bottom temp.) 1 specimen.—
39 (62°oo'
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area. The bathymetrical distribution is from 220 (or 170, eomp. below, //. Mentzi) to 1700 fathoms

(^Talisman ).

Besides the species H. expergitus four more recent species of the genus Hemiaster (excl. Abatus)

have been described, viz. Hemiaster gibbosus A. Ag., zonatus A. Ag. both from the '.Challenger-,

H. Mentzi A. Ag., from the « Blake »,
and II. florigerus Studer, from the Gazelle . (The Hemiaster

apicatus Woods is referred by Woods himself to the subgenus Rhinobrissus and therefore, being no

true Hemiaster, does not concern us here). As for the first and third of these species it seems rather

probable that they will prove to be synonyms only of H. expergitus.

In his description of Hemiaster gibbosus (, Chall. -Ech. p. 1S4, PI. XX. 5
—

16, 22) Agassi z does

not point out by which features this species is distinguished from II. expergitus, and a careful analysis

of his description and figures does not reveal any good distinguishing characters either. De Meijere

( Siboga -Ech. p. 182) has had some specimens of H. gibbosus, but he only remarks that he finds them

answering well to the description given by Agassiz. Through the kindness of Professor M. Weber
I have received one of these specimens, 20'

n '" in length; I have thus been able to compare the species

with equal-sized specimens of H. expergitus, and finally I have examined the Challenger -specimens

in the British Museum. The comparison of //. gibbosus and expergitus gives the following results.

The shape of the testis the same; to be sure I have seen no specimen of expergitus of the form

shown in Fig. 6. PI. XX of the - Challenger -Echini, all the specimens being wider in front than behind,

or (the small ones) almost elliptic. But Agassiz himself states that the outline is variable, and the outline

of the specimen figured in PL XX. 5
' is almost quite as in expergitus.

(Comp. PI. II. Fig. 1). Evidently the form of the test thus does not give

any distinguishing character. Agassiz points out that the plates of

the lateral posterior iuterambulacra are comparatively bare — but in

expergitus they may be quite as bare, and I am unable to find any

difference herein between the specimen of gibbosus before me and

equal-sized expergitus.
— The bivium is separated from the trivium by

two large intercalated iuterambulacral .plates >. I s1q3po.se, that by these

Fig. 19. Lbactinal part of the left
are m£ant the twQ , ktes within the fasciole between the anterior

posterior Interamhulacrum 14), of

Hemiaster gibbosus; comp. with and posterior petal seen iii the Fig. 9.
PI. XX. The figure, however, must

PL XX. Fig. 9 of the Challengers- .

, , T , , ,
.

, , . ,. .

F , ., certainly be wrong. It would be a quite exceptional thing to find in

this place two large, paired plates; I find these iuterambulacra in the

specimen before me of the usual structure (Fig. 19), the fasciole passes over the third and fourth plate,

quite as in expergitus of the same size. It could not be made out with certainty, how this is in the

« Challenger >>-specimens, but I do not doubt in the slightest that they will show the usual structure.

(In the largest specimen of expergitus the fasciole traverses the 5th— 7th plate in these iuterambu-

lacra). The «intermiliary granulation ,
which Professor Agassiz figures (PI. XX. Fig. 13), I am unable

to find either in the specimen of gibbosus or in expergitus of corresponding size. In the largest speci-

men of expergitus it is well developed, though not so close as in the figure quoted.

1 In the explanation of Plates |p. 292) it is stated that Fig. 5 and 6 represent the same specimen which is evidently

impossible and in contradiction to the text (p. 1S4).
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From the description given by A gas si z it is thus impossible to find how to distinguish H.gibbosus

from expergitus. A comparison of the figures seems to give a somewhat better result, the petals and the odd

ambulacrum showing some difference: In the specimen of gibbosus figured by Agassiz in PI. XX. 5 and

i) (ca. 30""" in length) the posterior petals are only a little shorter than the anterior ones, and the number

of pores in both petals is almost the same. In the largest specimen of expergitus (37""") the posterior

petals are only half as long as the anterior ones and the number of pores in the posterior petals is

likewise only about half that in the anterior; further in expergitus the inner ca. 7 pairs of pores in the

median (anterior) rowT of the anterior petals are small, in gibbosus, according to Fig. 9, they are all large

and conjugated. The number of plates in the odd ambulacrum within the fasciole is in gibbosus (ac-

cording to Fig. 9) ca. 18, in expergitus 29.
— These differences look very good. If, however, we com-

pare the specimen of gibbosus of 20mm before me with equal-sized expergitus, these differences become

very slight. In both I find the anterior petals twice as long as the posterior and with the double

number of pairs of pores. In gibbosus I find the 4 inner pairs in the median row of the anterior petals

small (in expergitus about 7). In the odd anterior ambulacrum I find in gibbosus 14
—

15 plates within

the fasciole, in expergitus 17— iS. And in the specimens from the Challenger in the British Museum

the posterior petals are only about half as long as the anterior ones, and the inner 5
—

7 pores of the

inner series of the anterior petals are small, not conjugate. No specimen in the British Museum

corresponds to the Fig. 9. PI. XX of the < Challenger»-Echini. These differences thus become so slight

that they seem rather inappropriate for distinguishing two species thereby. But other distinguishing

characters do not seem to be found in the structure of the test. The fasciole is alike in shape, like-

wise the spines. To be sure the labrum, according to Agassiz' Fig. 6 would seem to give some differ-

ence: Its posterior end reaches on the right side the middle of plate 3 in the adjoining ambulacrum,

on the left side to the middle of plate 2. As, however, this figure gives in any case a quite wrong

representation of the plates in the left posterior ambulacrum (I), it probably cannot be relied upon for

the right side either, the more so as in the specimens in the British Museum the labrum reaches only

to the middle of the second ambulacral plates of the adjoining series. The specimen from the Siboga»

likewise agrees exactly with equal-sized expergitus in this respect.
— The number of buccal plates

and the form of the peristome is the same in both of them. The tube-feet and spicules are alike. -

The globiferous pedicellarise (not seen in the Siboga -specimen) present a small difference (PI. XV.

Fig. 46) : the blade is more elongate, with four teeth around the terminal opening, and the basal part

is narrower than in expergitus. The rostrate pedicellarise do not present any reliable differences,

whereas the large tridentate pedicellarise (PI. XY. Fig. 42) differ from those of expergitus in having

the edge in the outer part, where the valves join, regularly serrate — but in view of only one speci-

men of this kind having been found in expergitus, it does not seem reasonable to lay any stress upon

this feature. Ophicephalous pedicellarise were not met with in any of the specimens of gibbosus exam-

ined. There seems then not to be a single reliable difference of any reasonable importance by which

to distinguish gibbosus from expergitus (— also in the structure of the globiferous pedicellariae there

is some variation in expergitus, as pointed out above, p. 100, so that they present no reliable difference

either —
).

If specimens of both species were put together, I think it would be impossible to separate

them rightly again. Accordinglv I must regard //. gibbosus as a synonym only of //. expergitus: but
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since one is known only from the Northern Atlantic, the other only from the Malay Archipelago and

Japan, it may be well to keep the Pacific form as a Var. gibbosus, for the present, though it seems

to be distinguished almost alone by the character of its geographical distribution.

The other species from the s> Challenger*, Hemiaster zonatus, is so very imperfectly described

that it is impossible to found upon that description any definite opinion of its claim to form a separate

species. The figures, to be sure, show it clad in a close and uniform coat of spines; but also in

H.expergitus the coat of spines may be rather close -- and in the description of H. Mentzi («Blake»-

Echini. p. 66) the tuberculation of //. zonatus is stated to be more distant, as it is in //. expergitns.

It is thus, evidently, no very reliable character. The large fasciole and the deep anal groove do not

seem very reliable characters either, as it may be almost exactly similar in expergitns, so that it does

not seem very improbable, when A gas si z thinks the differences from expergitns may be due only to

age. On examining the type-specimens in the British Museum, I get the following result. The specimen

from St. 8, off Gomera, Canaries, is undoubtedly //. expergitns, with which species it also agrees

exactly in the pedicellarise; but the specimen from St. 126 (off Rio Janeiro, 750 fms.) is undoubtedly

something quite different. Unfortunately the specimen is completely crushed, only the apical and the

actinal regions being tolerably preserved. As regards the structure of the test, it may be pointed out that

the labrum does not reach the second adjoining ambulacral plates. There are only two genital openings

and the apical system is not ethmophract as in Hemiaster; the madreporic plate extends backwards

and separates the posterior ocular plates, but is not prolonged into the posterior interambulacrum.

The peripetalous fasciole is more Sc/iizaster-\ike, not round as in the figured specimen, and it is not

so broad as in that figure; any trace of a latero-anal fasciole cannot be seen — but that is no definite

proof of its non-existence, on account of the poor condition of the specimen. For the rest the specimen

is abnormal, the right anterior petal lacking; the left side is normal, showing the posterior petal only

one third the length of the anterior petal. The spines are simply widened towards the point, not of

the elegant shape of those of Hemiaster. The globiferous pedicellarise are very different from those of

//. expergitns; the valves (PI. XV. Figs. 3, 7) enclose a large (probably glandular) space, which opens

with a small pore at the base of the single, compressed tooth, which terminates the long and sjender,

curved blade — a structure exactly similar to that found in Schizaster fragilis a. o. (comp. below, p. no).

The trideutate pedicellarise are like those of expergitns. but only the small form was found; the

rostrate pedicellarise (PL XV. Fig. 11) differ somewhat from those of expergitns. as seen by a comparison

of the figures. That the spicules of the tube-feet are few in numbers can scarcely mean anything as

a distinguishing character, since there is considerable variation in this respect in expergitns.

Quite recently Professor Doderlein (Echiuoidea d. deutsch. Tiefsee-Exp. p. 247) has referred

with some doubt a specimen from the Rockall-Bauk to Hemiaster zonatus, and probably he is quite

right herein, judging from his figures and description of the pedicellarise. The globiferous pedicellarise

are seen to agree with those figured here from the type specimen; the single difference, a swelling on

the stalk, which I have not found in the type specimen, can scarcely be of any importance. Mure

different are the rostrate pedicellarise
— but as in expergitns these pedicellarise differ rather much in

form, the difference herein can scarcely necessitate a separation. Unfortunately also Professor Doder-

lein' s specimen was quite crushed, so that we must still remain ignorant of the structure and form



ECHINOIDEA. II.
105

of the test of this species. But it seems beyond doubt that iu the Challenger Report two separate

forms were included under Hemiaster zonatus : one (St 8), evidently the figured one, a true Hemiaster

and even the same as If. expergitus, the other (St. 126) probably a Schizaster, which will certainly

prove to be a new species. The name Hemiaster zonatus ought then certainly to be dropped as a

synonym of H. expergitus.

Hemiaster Mentzi A.Ag. has unfortunately not been figured by Professor Agassi z, and from

the description ( Blake -Echini, p. 66) it is quite impossible to see by which characters it is disting-

uished from H. expergitus, the only feature not agreeing very well with the latter species being the

narrow, comparatively elongate space included within the peripetalous fasciole>. — From the U. S.

National Museum I have received for examination a large specimen of IT. Mentzi; it is certainly

identical with H. expergitus. Of course, I cannot state with certainty that it is the true //. Mentzi. I

have seen; but I have no reason to doubt the identification. Until the contrary is proved I must

then regard H. Mentzi as a synonym only of //. expergitus.
— From H. gibbosus it is stated to differ

in having a larger number of buccal plates, a feature which I do not find to hold good by comparing

the specimen of g/bbosus from the Siboga with the specimen of //. Mentzi or with expergitus.

Hemiaster tiorigcrus Studer differs from expergitus in several respects, judging from the de-

scription and figures given by Studer (Echinoidea d. Gazelle. (386) p. 882. Taf. II. 3). The test is

broadest in the middle, not in the anterior end as in expergitus, and the height of the posterior end

is evidently smaller than in the latter species.
1

According to the description the anterior petals are

the shorter, but this is in contradiction to the figures 3 a and 3 c. The apical system, according to

the Fig. 3 d, is ethmolytic, a very important character, so important, indeed, that it must certainly

exclude the species from the genus Hemiaster. (Dr. Meissner kindly informs me that Studer's

description of the apical system is correct). The two anterior genital pores are

distinctly smaller than the posterior: in expergitus they are of equal size. The

relation of the labrum to the adjoining ambulacra cannot be seen from the figures;

but Dr. Meissner informs me that the labrum ends off the first ambulacral plate.

(Fig. 20). By a short examination of the type-specimen during a visit to the Berlin-

Museum I found two sorts of pedicellarise, viz. tridentate and rostrate. The former
Fig. 20. Labrum and

(PI. XV. Fig. 23) are essentially like the large form of tridentate pedicellarise iu adjacent ambulacral

nlfltG of Ilayit&st£y
expergitus, but onlv o-2ram . The rostrate pedicellarise differ only verv little from the ,,

. ,„~ o - L J J
florigents. (From a

form with the small end-part of expergitus. The spicules of the frontal tube-feet sketch by Dr. M.

Meissner).
(PI. XV. Fig. 28) are more numerous, larger and more thorny than those of exper-

gitus. They are arranged in two close series; on one side those of both series have their ends inter-

mingled, on the other side they leave a bare space between them — just as has been described and

figured for Dorocietaris papillafa (Part I. p. 33. PI. VIII. Fig. 1).
— That H. florigents is a distinct species

is beyond doubt, but it is very doubtful if it can remain in the genus Hemiaster, on account of its

ethmolytic apical system. However, as long as the species is so unsufficiently known it will scarcely

be possible to determine with certainty to which genus it ought to be referred.

1 Studer gives the following measurements: Length 24m'", Breadth 2i mm
, Height I3

mm
. In H. expergitus of a corre-

sponding size the measurements are: Length 2omm
,
Breadth 20""", Height i6'5

ram
.

The IngoU-Espedition. IV. 2. 14
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Though no more recent species of Hemiaster have been described
(

— except the A batus-species

wrongly referred to this genus — )
there is reason to discuss one more species in this connection, viz.

the Periaster tenuis A. Ag. described and figured in the Panamic Deep-Sea Echini p. 209, PI. 103,

figs. 5
—

7, 104, 105, figs. 1—
3.

At the first glance on the figures, especially on PI. 104, one is struck by

the close resemblance of this species to a Hemiaster, and a study of the details of the structure of

the test can only strengthen the first impression. Above all the ethmophract apical system, so closely

like that of Hemiaster bufo, as pointed out by Agassiz, but also the total want of a latero-anal

fasciole, tend to show that it is really a Hemiaster. Further the elongate labrum, reaching to the

middle of the second ambulacral plates of the adjoining series, the condition of the petals and the

shape of the test, recall very much H. expergitus. Also the pedicellarise point decidedly towards

Hemiaster, as I can state having examined a specimen (
Albatross > St. 3398) in the U. S. National

Museum. The globiferous pedicellarise resemble those of H. expergitus. though more coarse (PL XV.

Fig. 33), the terminal opening is rather wide and surrounded by teeth as in expergitus; they are, un-

fortunately, all somewhat broken in the only specimen found. The blade is a rather wide tube, with a

comparatively narrow (glandular) space continuing down into the basal part. The stalk is thick and

compact, but without distinct thickening or projections. The tridentate pedicellarise are of two kinds

of different size; the small form (PI. XV. Fig. 49) is very like that of expergitus, only the skin is much

thicker, especially the neck is very conspicuous; the large form (head ca. 07""") differs from that of

expergitus in the outer part of the blade being more rounded (PI. XV. Fig. 4). Specimens of this kind

of tridentate pedicellariae not larger than the small form may be found, which shows that they are,

indeed, two separate forms of pedicellarise. Rostrate and ophicephalous pedicellarise were not found;

the triphyllous pedicellarise do not differ from those of expergitus. Spicules as in expergitus.

From what has here been pointed out I think it evident that this species really belongs to

the genus Hemiaster, the absence of a latero-anal fasciole especially being a character non-conformable

with referring it to the genus Periaster. Through the prominent labrum and narrow plastron, as well

as through the pedicellarise and the general shape of the test (especially the outline in profil
— comp.

PI. II. Fig. 20 with PI. 104. Fig. 3 of the < Pan. Deep-Sea Ech.») Hemiaster tenuis (A. Ag.), as its name

must be, is easily distinguished from its nearest relation, H. expergitus (incl. gibbosus).

It may be appropriate to give in this connection some remarks on Periaster liniieola, the only

other recent species hitherto referred to the genus Periaster. 1 - - The tubercles along the anterior am-

bulacrum increase in size towards the apical system, the largest tubercle and longest spine being that

nearest the apical system, as is also the case in Hemiaster expergitus. The apical system (which is not

represented in a sufficiently detailed manner in the otherwise beautiful Figure 6. PI. XXVI of the

<sBlake»-Echiui) is said in the Panamic Deep-Sea Echini; p. 211 to be //emiasfer-\ihe, though it has

only two genital pores. In the specimens in hand the apical system is not very Hemiastcr-Wke; it is

ethmolytic, the madreporite separating also the posterior ocular plates (Fig. 21). This is evidently also

the case in the figure quoted of the Blake >-Echini, though the sutures are not distinct. This species

is thus not in accordance with the diagnosis of the genus Periaster given by Pom el (Classif. me-

1 In A. Agassiz and II. Lym. Clark: Preliminary Report on the Echini collected, in 1902, among the Hawaiian

Islands (Bull. Mus. Comp. Zool. L,. 1907), a new species of Periaster, P. maxiiiuis, is described (p. 259).
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thodique. p 4 1
), who limits the genus to include only the species in which the posterior ocular plates

are not separated by the madreporite. Considering, however, what has been made known by Gauthier
about the apical system in some species of Hemiaster (< )p. cit.i, I would not feel inclined to separate

the P. limicola from the genus Periaster on this account. (Comix also De Loriol. Notes pour servir

a l'etude des Echinodermes. VI. p. 175 and Lambert. Note sur le deve-

loppement de l'Echinospatagus neocomiensis. p. n. Note). The labrum

reaches the beginning of the second adjoining ambulacral plates. The

actinal plates of the posterior ambulacra are rather elongate; the first of

the 5 large subanal tube-feet is found on the 5th ambulacral plate. The

frontal tube-feet have a well developed disk, with numerous elongated,

narrow rosette-plates; the edge of the disk is not lobed. The spicules are

irregular, slightly branched rods. Long genital papillae occur. Globiferous

tridentate, rostrate and triphyllous pedicellaria; have been found. The
, , ., .. ,. . „ „-.,- _. , , , Fig. 21. Apical system of Periaster

globiferous pedicellaria; (PI. XIV. Figs. 6, 9) have a rather large (glandular) limicola. h ,.

space within the blade, continuing almost to the articular surface; the

terminal opening has two teeth on either side. The stalk has a thickening above and below, but no

free, projecting rods. — (July one small rostrate pedicellaria was found, which does not show any

peculiar feature. The tridentate pedicellaria; occur in two, not very distinct forms: one (PL XIV.

Fig. 35) with the blade somewhat widened in about the outer third part, where the valves join, the

edge of this widened part being finely serrate, that of the lower part smooth; the other (PI. XIV.

Figs. 28, 44, 47) with the blade very elongated, slender, narrowing evenly towards the basal part, the

edge being serrate in its whole length. In larger specimens (up to 2mm length of head) the serrations

are coarse and irregular; there is a little meshwork in the bottom of the blade in these larger ones.

In the largest specimen seen the valves are very unecpial in length (PI. XIV Fig. 47). This is probably

an abnormal case. The neck is well developed, the stalk has only a slight indication of a ring below.

The triphyllous pedicellaria; are of the usual form.

The information given here is based on a specimen from the U. S. Nat. Museum, which Pro-

fessor Rathbun has kindly sent me (Albatross^ St. 2401.
— Gulf of Mexico. 142 fathoms). It agrees

closely with the description and figures of P. limicola given by Agassi z in the Report of the * Blake -

Echiuoidea (Bull. Mus. Comp. Zool. V. 1878. p. 193. PI. Ill), except in having 110 distinct anal fasciole.

On the other hand I have seen in the British Museum (3) specimens of Periaster limicola from the

station
(« Blake St. 49) from which the species was first described; but these specimens differ so con-

siderably in regard to the structure of the pedicellaria; from what is made known above, that it

seemed to me certain that it must be another species, viz. the Brissopsis alia Mrtsn. described below;

the pedicellaria; of this latter species exactly agree with the present form. A renewed examination

of these specimens in the British Museum has proved this conclusion from the structure of the pedi-

cellaria; to be epiite true: they are very typical Brissopsis, with the subanal fasciole very well devel-

oped, quite agreeing in form and structure with the Br. alia described below.

In the Panamic Deep-Sea Echini p. 210 Professor Agassiz says: .There must have been

some mistake in the identification of the Schizasterid collected by the ^Challenger (PI. XXXV b.

14*
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Figs, i—4) as Periastcr limicola*. I quite agree with the eminent author herein, and having examined

the specimens in the British Museum I am able to add some more differences to those now found by

Professor Agassiz between the « Challenger » specimens and the true P. limicola. The labrum ends

off the first adjoining ambulacral plates. There are four large subanal tube-feet. One specimen has

two genital pores, the other has four, the two anterior being quite small. The latero-anal fasciole has

quite disappeared in one specimen, in the other there are distinct traces of it. The frontal tube-feet have

a well developed disk, strongly lobate in the edge, the rosette-plates reaching only the beginning of the

lobes. The spicules are very numerous, rather much branched, otherwise like those of limicola. The

globiferous pedicellarise are of the Schizasterid type, with a very large space within the blade (PI. XIV.

Figs. 1,4); there is one tooth on either side of the terminal opening. The stalk has a limb above, where

the muscles from the head are fastened, and a small ring below. The tridentate pedicellarise (PI. XIV.

Fig. 21) are rather similar to those of P. limicola, viz. the slender form. The long and slender valves

join only at the point; the edge is in the lower part very coarsely and irregularly serrate; there is

a little meshwork, sometimes rather coarse, in the blade. Rostrate pedicellarise have not been found;

the ophicephalous pedicellarise (PI. XIV. Figs. 5, 36) are of the usual Spatangoid type, and there is a

prolongation from the lowermost of the arcs. The stalk is not distinctly cupshaped above. The tri-

phyllous pedicellarise do not present peculiar features.

The differences pointed out by Professor Agassiz and here, together with the geographical

distribution: one a deep-sea form from the Gulf of Mexico, the other a littoral form from the Arafura

Sea, leave 110 doubt that this is another species; if it be a new species is not so certain. It is very

like the Schizastcr Jukcsii Gray both in the characters of the test and of the pedicellarise, and even

the locality is the same; indeed, I think it almost beyond doubt that it is really identical with that

species.
— (In Revision of Echini » Schizastcr Jukcsii is made a synonym of Sch. vcntricosus (lacn-

nosits L.); this is, however, certainly not correct; the verification thereof will be given in Part II of

the Siam-Echiuoidea). Whether Schizastcr Jukcsii ought really be reckoned to the genus Periastcr, as

is done, in fact, by Agassiz in the (.Challenger -Echinoidea, is not easy to determine, these genera

being upon the whole very closely related. Perhaps the globiferous pedicellarise may indicate the

correctness of referring Sch. Jukcsii to Periastcr ; in any case they differ considerably from those of

Schizastcr lacuuosiis a. o. (comp. below). But upon the whole I do not venture to enter in a more

detailed manner on a discussion of the rather difficult question of the genus Periastcr, my knowledge

of the fossil forms being too insufficient.

27. Brisaster (Schizaster) fragilis (Dub. Kor.).

PI. I. -Figs. 6—7. PI. XIII. PI. XIV. Pigs. 3, 7, 11, 13—16, iS, 20, 24—25, 31, 37, 39, 43, 46, 50—51.

Synonyms: Brissus Jragilis Dub. Kor.

Tripylus Jragilis Sars.

Principal literature: Diiben & Koren: Skandinaviens Echinodermer. 1844. p. 280. Tab. X. 47
—

49.
— Gray: Catalogue Rec. Echinida. 1855. p. 61. -- Liitken: Bidrag til Kundskab ora Echiniderne.

p. 175 (107).
-- Sars: Norges Echinodermer. p. 96.

— Agassiz: Rev. of Echini, p. 157, 363. PI. XXI. 3,

XXVI. 42.
—

Challenger -Echiuoidea. p. 201, « Blake -Ech. p. 74. PI. XXVIII. 8— 14.
— Loven: Etudes
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sur les Ech. Pl.XII.io2, XXXI. On Pourtalesia PI.X.100. - Bell: Catalogue Brit. Ech. p. 164.
—

Hoyle: Revised List Brit. Ech. p.422.
— Koehler: Note prelim, sur les Echinides, Ophiures et Cri-

noidees rec. en 1S9S—99, «Princesse Alice . Bull. Soa Zool. de Fr. 1901. p.99. Grieg: Nordlige Norges
Echinodermer. p. 32.

-- Doderlein: Echiuoiden d. deutschen Tiefsee-Expedition. p. 253. Taf. L. Fig. 2.

— Fauna Arctica. Seeigel. p. 385.

For other less important literary references see Rev. of Ech. and Hell's Catalogue.

This species is very well described by Diiben and Korea and later on by Agassi/., so that

very little remains to be added as regards the structure of the test. —
The shape of the test is rather variable; sometimes it is more rounded, sometimes more elongated;

not seldom it is unequally developed, the right side projecting beyond the left in front, though somewhat

less than is generally the case in Spatangus purpureus. -- In Revision of Ech.- PI. XXI. 3 is figured

a specimen in which the left side projects beyond the right. There can, however, scarcely be any

doubt that this figure (photograph) has been reproduced in inverted position; this is especially shown

by the genital pores: in this figure there are two genital pores on the right side, whereas they are

really found on the left side, as stated by Agassiz himself, Rev. of Ech. p. 263
—

: «three genital

openings, right anterior obliterated*. -- (A similar inverted reproduction is found in the «Hassler»-

Echinoidea. PL II. 4, Nacospatajigus gracilis, and, probably, PI. IV. 6, 8, Hemiaster Philippii).
— The

height of the test likewise is rather variable, especially the abactiual keel formed by the posterior

interambulacrum may differ very much, being sometimes quite indistinct, sometimes very prominent.

The length of the posterior petals is generally scarcely one third of that of the anterior ones;

in a specimen from Bergen, however, they are more than half as long as the anterior ones, and the

apical system in this specimen is subcentral, whereas the apical system is otherwise near the posterior

end. (This specimen is figured in PI. I. Fig. 7, the Fig. 6 showing a normal specimen of the same size

for comparison). In the same specimen the posterior part of the labrum is longer than usual, reaching

to the 2. ambulacral plate on one side, to the posterior edge of the 1. ambulacral plate on the other

side, whereas it normally ends off the middle of the 1. ambulacral plate. Also the plastron is broader

than usual. Upon the whole this specimen differs very considerably from the typical form and

would undoubtedly have been made the type of a distinct species, had it come from a more distant,

less well known locality; but, as the Norwegian specimens otherwise do not show these characters,

such a single specimen can certainly only be regarded as an abnormal, probably atavistic case. But it

might well be worth looking out for similar specimens
—

as, of course, the existence of another species

of Scliizastcr in these regions, cannot be declared impossible.
— Evidently the specimen of which

Grieg (Op. cit.) gives some measurements has some resemblance to the above mentioned, though the

posterior petals are not so long as here.

According to the statements of Agassiz (
Blake -Ech. p. 74) there is considerable variation in

the distinctness of the lateral fasciole as it passes under the anal system. In some cases it stops sud-

denly near the level of the anal system; in others it can be faintly traced as an indistinct, irregular

anal fasciole; in others the anal fasciole is most clearly marked. These differences do not depend on

size, but specimens from one locality are usually similarly affected-. Under the description of Schizaster

orbignyanus ( Blake»-Ech. p. 76) Agassiz further says: «It is interesting to note that in the specimens
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of *S". fragilis dredged off our eastern coast, the anal fasciole disappears first, leaving only a part of the

lateral fasciole extending from the peripetalous fasciole towards the anal system*. On all the numerous

specimens of S. fragilis, I have examined, I have found the anal fasciole distinct, whereas the lateral

fasciole is more or less rudimentary in a few (3) specimens from St. 32. In two of these specimens the

lateral fasciole is quite wanting on the one side, only partly distinct, not reaching the peripetalous

fasciole, on the other side; on the third specimen it is wanting on both sides, only the anal part

remaining distinct. But specimens without the anal part of the fasciole I have never seen; my

experiences thus are not in accordance with those of Agassi z. Evidently the specimens without the

anal part of the fasciole deserve to be reexamined; it is not impossible that they will prove to belong

to another species. (Comp. Hemiaster zonatus, p. 105).

The pedicellariae of Sch. fragilis were until recently almost quite unknown. Agassiz (Revision

of Ech. PI. XXVI. Fig. 42) figures a valve of a pedicellaria, which he finds (p. 666) « resembling the

gemmiform type of the Echinidse (in the explanation of plates called stout-headed pedicellaria); it

is the rostrate form. The trideutate pedicellaria; were seen by Koehler (Op. cit), who only states

that they are of the usual form. Lastly, however, Professor Doderlein (Op. cit.) has given very im-

portant information 011 all the pedicellaria; (except the ophicephalous) of this species and of most of

the other recent species of Schizasfcr. My own observations, which were made about two years before

Professor Doderlein's work was published, agree almost completely with his. Having, however, several

additional remarks to make, I may give my original description almost unaltered; likewise I give most

of the figures of pedicellariae made at that time. The figures given by Doderlein are
,

of course,

quite correct, being photographs; but several important details are not seen, so that my figures will

probably not be found superfluous.

The globiferous pedicellaria; (PI. XIV. Figs. 14, 16, 24, 51) are rather conspicuous. The valves are

enclosed by a thick, evidently glandular coat of skin, which continues down over the upper part of

the stalk, covering the great muscles which go from the valves to a thickening of the stalk, a little

above the middle. Also at the lower end of the stalk there is a generally less distinct thickening for

the fastening of the basal muscle. The stalk is rather thick and compact; the head rests directly upon

the rounded upper end of the stalk. The valves are very characteristic (PI. XIV. Figs. 14, 16). As in

the globiferous pedicellaria; of the Cidarids there is a large space in the interior of the valves, pro-

bably enclosing a poison gland, passing far down into the basal part, almost to the articular surface.

The opening of this space is at the point of the valve at the base of the single rather large and

compressed endtooth; the opening may be at its right or left side indifferently, that side with the

opening being somewhat hollowed. Very seldom abnormal globiferous pedicellaria; occur, whose valves

end in two diverging teeth between which the opening lies (PI. XIV. Fig. 24); sometimes pedicellaria;

are found in which one of the valves ends in two teeth, the others in the usual way. Generally these

pedicellariae are strongly pigmented, often almost black, and, where they occur in greater numbers,

very conspicuous. They may be very numerous especially on the anal area, on the abactinal side in

the posterior interambulacrum and along the petals; on the actinal side they are very seldom found.

I have found them in specimens of only ca. 4
m,n

length. They differ rather much in size, the thick

part (head and upper part of the stalk) reaching about i
mm

length.
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The rostrate pedicellariae (PL XIV. Figs, ir, 15,43) have the valves very little widened in the

point; they generally end in 6 small teeth; sometimes they are even narrowed in the point ending

with only 4 small teeth. Not seldom they are 4-valved (PL XIV. Fig.43). This kind of pedicellariae is

especially developed round the mouth and in the anterior ambulacrum; also on the anal area they

often occur, but generally only small ones. Upon the whole these pedicellariae are smaller and much

less conspicuous than the globiferous ones; the length of the head up to ca.o-5
mm

. The neck is short,

especially in the larger ones; the stalk is thick and compact.

The txidentate pedicellariae (PI. XIV. Figs. 3, 7, 18, 20, 25, 37, 46, 50) are uncommonly richly devel-

oped, the valves varying from simply leafshaped to almost tubular, but all intermediate forms occur,

so that separate forms of them cannot be distinguished. As the more typical form I must regard

those with large leafshaped valves, narrowed in the lower part, widened towards the point, where

usually some coarse serrations are found; the edge of the lower, narrowed part maybe almost smooth,

with only a few large teeth or more closely serrate. There may be a more or less developed meshwork

in the bottom of the blade. (This form is represented in Figs. 18, 46, 50. PL XIV and in Doderlein's

Fig. 2. b, f. PL L). Another form has the narrow lower part of the blade more distinctly set off from

the outer, widened part, and the point of the blade more or less distinctly bent inwards (PL XIV.

Fig. 25). Quite small specimens may be simply leafshaped (PL XIV Fig. 20, and Doderlein's Fig. 2. c),

or more or less recalling the rostrate pedicellariae (PL XIV Figs. 3, 7) and perhaps they ought really

to be reckoned to that type; this, however, cannot be decided and is of no importance. — Large tri-

dentate pedicellariae with almost tubular blade (PL XIV Fig. 37) I have found only in a large specimen

from the Faroe Islands — perhaps it is an abnormal form. The large tridentate pedicellariae are found

almost exclusively on the actiual side, round the peristome and along the ambulacra. They have a

well developed neck; the stalk is rather compact, with a more or less distinct milled- ring below.

Ophicephalous pedicellariae (PL XIV. Fig. 39) I have found only on quite young specimens of

3
—6mm length. They are of the usual Spatangoid type, without neck. The blade is broadly triangular,

continuing almost down to the articular surface, the apophysis being short and broad. The triphyllous

pedicellariae (PL XIV. Fig. 31) are of the usual form, with finely serrate edge.

The spheeridice continue, as is usually the case, along the posterior ambulacra to the anal

area; they do not present features of specific value, and are almost spherical, smooth or grooved.

— The spicules (PL XIV Fig. 13. a. b) are irregular, spinous rods; in the large tube-feet of the anterior

ambulacrum they are more complicated, their protuberances being larger and partly uniting so as to

form fenestrate plates. Loven (Pourtalesia. PI. X. Fig. 100) figures the rosette-plates as reaching only

halfway out in the lobes; I find them generally reaching almost to the point of the lobes.

In the Blake -Echini (p. 74) Professor Ag'assiz describes young specimens of Sch. fragilis of

6 and iomm length. The Ingolf -Expedition has taken (especially at Station 28) several small specimens,

the youngest of which are only 2mm in length. I am thus able to give a rather full account of the

development of this species from a size of 2mm upwards, a development which proves of no small

interest. (Pl.XIII).

In specimens of 2mm length (Pl.XIII. Figs. 2, 4) the anal system is almost in the middle of the

abactinal side; it is, in fact endocyclic, close!}' joining the two large anterior genital plates, while the
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posterior ambulacra end off the posterior edge of the anal area. The posterior genital plates are not

developed ;
the ocular plates as well as the abactinal plates of the paired ambulacra are rather indis-

tinct, but the course of the ambulacra is sufficiently distinct. The same, from a phylogenetic point of

view, highly interesting construction of the apical area has been described and figured for Abahis

cavernosus by boven (On Pourtalesia. p. 20— 22, PI. XIV) and by Agassiz (Panamic Deep-Sea Echini,

p. 211— 13. PI. 99). The plates of the anterior ambulacrum are comparatively large and elongate, with

single pores, and only two tube-feet in each series of plates have as yet appeared within the fasciole.

They are rather large as shown in Fig. 3. PI. XIII, but can by no means be said to be of very promi-

nent size. Especially interesting is the fasciole, which consists only of a broad band encircling both

apical and anal system, as is also the case in Abatus cavernosas of a corresponding size. The actinal

system is quite embryonal, round (PI. XIII. Fig. 4), the labrum not at all prominent. The sternum is

typically amphisternous,
1

though the plate 5.
a. 2 is longer than b. 2. The test is almost oval in circum-

ference, with a very slight sinuation at the front, but the frontal ambulacrum is not deepened. The

shape of the test is rather flat, not at all globular, as is maintained by Professor Agassiz ( Blake -

Echini, p. 78) to be the case in young Schizasters.

In the course of the further development the following changes take place. The postero-lateral

ambulacra and the two series of plates of the odd posterior interambulacrum grow forwards along

each side of the anal system, which is by and by pushed backwards, and a pair of interambulacral

plates develop between the two large genital plates and the anal system (PI. XIII. Fig. 1). The fasciole

now presents a very important change: from the primary fasciole has developed a transverse branch,

passing over the postero-lateral interambulacra and between the apical and anal system. This trans-

verse band, together with the anterior part of the primary fasciole develops into the peripetalous

fasciole, whereas the part of the primary fasciole posterior to the transverse band becomes the latero-

anal fasciole. - - This stage is found at a size of 3
ram

length (PI. XIII. Fig. 1).
— Plates are now con-

tinually developing in the odd posterior interambulacrum, the new ones appearing at the posterior

end of the two large genital plates. Thereby the anal area is pushed more and more backwards, till

it comes on the posterior edge of the test and is at last not at all seen from above. These inter-

ambulacral plates between the anal area and the apical system form the prominent abactinal keel;

the shape of the test is thereby very much altered, as seen by a comparison of the Figs. 9 and 7,

PI. XIII, representing side views of the test in specimens of 3 and 4'5
mm

length. The latero-anal fasciole,

of course, is gradually pushed more backwards, as it must retain its original relation to the anal

area, viz. passing just behind it. In specimens of ca. 6"1,n
length its anal part cannot be seen from

above any longer.

We may now follow the development of the abactinal ambulacra. The odd anterior ambulacrum,

which is at first not much broader than the paired lateral ambulacra, soon enlarges considerably, the

plates becoming much broader and comparatively lower. The sinuation in the front edge becomes

gradually deeper, and at the same time the ambulacrum deepens, forming a groove, bordered by the

adjoining antero-lateral interambulacra. At about 4"
1 "'

length the pores become double, the outer pore

1 Agassiz (loc. cit.) says of the quite similar sternum in the young Abahts cavernosus that it is almost a true me-

ridosternum». As I have pointed out above (p. 84), it is not at all meridosternous but typically amphisternous.
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constantly being- larger than the inner one in eacli pair. The number of plates increases considerably;

whereas at 2mm length only 2—3 pairs of plates are developed between the fasciole and the ocular

plate, there are 17 pairs in a specimen of 11""" length. The fasciole here keeps its original position,

close to the anterior edge.
— As said above it was very difficult to trace the exact number of plates

of the abactinal paired ambulacra in the smaller specimens. From a size of ca. 4
mm

length there was

no difficulty in tracing the exact number and shape of these plates; while therefore the figures 1, 2

and
5. PI. XIII do not claim to be quite exact in this respect, the figures of the later stages give

them correctly. In the younger stages no pores at all are developed in these plates ;
at a size of 4-5

mm

(PI. XIII. Fig. 8) I find the pores very faintly indicated in the posterior series of the antero-lateral am-

bulacra. In specimens of 5-5""" and &s
mm

they are distinctly developed in both series of these ambu-

lacra (PI. XIII. Figs. 10, 12). At a size of j-$
m™

I find the pores of the posterior series of plates double,

while those of the anterior series are still simple — a very interesting stage, which is kept for life

by the genus Agassizia. In specimens of 9""" the pores are double in both series, though the pores as

well as the plates of the posterior series are still considerably larger. The antero-lateral ambulacra

have thus attained the petaloid condition, and their further development consists only in the enlarging

of the plates and pores and the gradual deepening (already at ca. 6mm the deepening is rather dis-

tinctly seen), besides, of course, the adding of new plates at their upper end. — The development of

the posterior petals begins somewhat later, on account of the original position of the transverse fasc-

iole close behind the apical system. In a specimen of 5-5
mm

(PI. XIII. Fig. 10) I find the first plates to

have appeared within the fasciole; in a specimen of 6-6mm a single pore has already appeared, and in

the next stage (PL XIII. Fig. 13), 7-5'
nm

,
three pairs of plates have developed between the fasciole and

the ocular plates, each with a single pore. In a specimen of 9
mm

length (PI. XIII. Fig. 14) four pairs

of plates have developed; they are already a little widened and deepened, and the pores are double,

the petaloid condition thus being reached. In the plates between the transverse and the latero-anal

fasciole no pores are seen, but each has a rather large tubercle.

In the apical system also important changes take place. In the youngest specimens only two

large genital plates are present, viz. the two anterior ones, the right one with a single madreporic

pore. All the ocular plates are developed, though only that of the anterior ambulacrum is quite distinct.

It is an important fact that the ocular plates of the posterior paired ambulacra are separated from

the first beginning, at first by the anal area and later on by the two anterior genital plates; the apical

system thus is ethmolytic from the beginning, not passing through an ethmophract stage, as might

perhaps be expected from a phylogenetic point of view. — The same is shown by Loven (On Pour-

talesia. PI. XVII) to be the case in Echinocardium flavescens, whereas the young stages examined by

Loven (and myself) of Spatangus purpurens and Brissopsis lyrifera are not young enough for proving

the non-existence of an earlier ethmophract stage in these species.
— The posterior genital plates

cannot be discerned with full certainty, till the specimens have reached a length of ca. y
mm

(PI. XIII.

Fig. 13). The genital pores appear at a size of 9
—nmm

. The madreporic pores begin to increase in

number in specimens of ca. 6mm
,
but still at a size of 10—nmm

,
when the genital pores are already

developed, the madreporic plate has not begun to develop into that large size, which it obtains in

grown up specimens.
The Ingolf-Expedition. IV. 2. 15
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On the actiual side the only more important change occurs in the actinostome, the labrum

widening at the anterior end until it has taken the place of the posterior half of the actinostome and at

last covers the mouth-opening. Other changes occurring on the actinal side are mainly due to simple

enlargement of the plates.

The identification of these young specimens of Sch. fragilis is beyond doubt, both on account

of all intermediate stages being found, and on account of the pedicellariae; it is especially to be noticed

that globiferous pedicellariae are developed already in the youngest specimens and of the same form

as in the grown specimens, but no other species of Echinoids of the Northern Atlantic, as far as I

know, has that type of pedicellariae
—

except < Hemiaster zonatus-*, which cannot be taken into con-

sideration here, as it has (as far as known) no latero-anal fasciole. Now, on the other hand, these

young specimens closely agree with the genus Spatagodesnia A. Ag. (Panamic Deep-Sea Echini,

p. 198—202. PL 106— 7), founded by Professor Agassiz upon some young specimens, about 5'"
m in

length. A comparison of the figures given here with those of Spatagodesnia Dioincdcr seems to leave

no doubt that the latter is only the young of some Sc/tizaster-species from the Southern Atlantic r

,
or

perhaps of a species of the genus Abutus, whose development is quite similar to that of Schizaster

fragilis.
2 The pedicellariae might probably have given a definite answer to the question of the genus

to which Spatagodesnia Dioincdcr really belongs, but, unfortunately Professor Agassiz does not give

any information thereof. Be that as it may; the genus Spatagodesnia must certainly be withdrawn as

a synonym of one of these genera. Professor Agassiz thinks Spatagodesnia most nearly related to

Agassizia; this need not be further discussed, in view of the fact that Spatagodesnia is really only the

young of some other well known genus, whether Schizaster or Abatus --
but, of course, I will not

deny that the structure of the young may be of importance for judging of the relation of these genera.

In the description of Spatagodesnia Professor Agassiz points out that <, there is a central apical

plate, composed of the four ankylosed genitals »
;
but the left anterior ocular plate is, nevertheless, not in

direct contact with this ankylosed plate, it is separated therefrom «by the intercalation of a row of lateral

interambulacral plates». This intercalation of interambulacral plates in the apical system is something

quite new in the Amphisternous Spatangoids, and probably Professor Agassiz has been lead to this

interpretation by his supposition of a close relation to Agassizia, in which genus all the genital plates

are really ankylosed together. A comparison of the figure 2. Pi. 106 (Pan. Deep-Sea Ech.) with the

figures given here of the apical system of the young Sch. fragilis seems to me to leave no doubt that

the so-called intercalated interambulacral plates are really the two posterior genital plates, the large

central apical plate being not the ankylosed genital plates, but the single right anterior genital plate

and madreporite.

The young stages of Sch. fragilis here described are especially important for the interpretation

of the lateral fasciole. Professor Agassiz ( Chalb.-Ech. p. 200) takes the fact, that the latero-anal

fasciole of Schizaster japonicus is sometimes interrupted on the sides of the test, as a proof ; evidently

showing that the lateral fasciole is an extension of the anal fasciole .-. The development of the fascioles in

1 It was taken off the Atlantic coast of Patagonia, not off San Francisco, as stated in «.Bronn» p. 1406.
2 The development of Abatus cavernosus will be treated in my Report on the Echinoidea of the Swedish South-

Polar Expedition.
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Sc/i. fragilis, and even more the quite similar development of the faseioles in Abattts cavernosas, where

both lateral and anal fasciole generally disappear with age, shows that the latero-anal fasciole is part

of the primary fasciole.

Sch. fragilis was taken by the «Ingolf^-Expedition at the following stations:

St. 25 (63° 20' Lat. N. 54 25' Long. W. 582 fathoms 3°3 C. Bottom temp.) 5 specimens.—
27 (64° 54'

-
55 10' 393

-
3°8

-
)
10

'

— 28 (65 14'
—

55 42' 420 —
3°5

—
)
Numerous specimens.

-32 (66° 35'
-

56° 38' 318 3°9
-

) 35—
35 (65° 16' -

55° 05' 362 3°6 ) 5
—

54 (63° 08' —
15° 40' 691 .

—
3°9

— —
)

1 —
— 81 (6i°44'

—
27° 00' —

485 — 6° 1 —
) 2

—
85 (63° 21' —

25° 21' 170
— —

)
1

-89 (64° 45'
-

27 20' 310 - 8°4
-

) 4
-
97 (65° 28' -

27 39' 45o 5°5 )
2

The species was further taken in the Davis Strait by Wan del 1889 (63° 56' Lat. N. 53 12'

Long. W. 130 fathoms. 1 specimen). Several specimens were taken at the Faroe Islands (150
—

190

fathoms) by the author in 1899 and by Ad. S. Jensen («Michael Sars». 1902).

The bathymetrical distribution of this species is ca. 35—700 fathoms. In the ,; Challenger »-

Echinoidea, p. 221 it is stated to have been taken (by the «Blake ) at a depth of 955 fathoms at the

«Caribbean Islands*. I cannot find in the Preliminary Report on the «Blake*-Echini (Bull. Mus. Comp.

Zool. VIII. 1880. Nr. 2. p. 84) or in Professor Rath bun's works any locality to which this statement

might refer. — The geographical distribution of Sch. fragilis is: from the Northern Norway to the

Faroe Channel, South of Iceland, Davis Strait and along the American coast down to Florida. On the

European side of the Atlantic it is not known farther south than the Faroe Channel, and it is not

known from the Mediterranean or the Azores.

Sars (loc. at) and recently Grieg (loc. cit.) point out that Sch. fragilis is both more common

and reaches a considerably larger size at Northern Norway than farther South; thus it reaches a

size of 90"™ length at the Northern Coasts, whereas the largest specimens known from Bergen are

only 55
mm

. (A specimen from the Faroe Islands has the same size, and a specimen from the American

Coast (S. of Long Island, 302 fathoms) is 6omm in length). < It is therefore without doubt to be regarded

as an arctic form*. It is certainly a remarkable fact that the largest specimens are from the most

northern locality, but nevertheless Sch. fragilis is evidently no arctic form. It is not found in the cold

area of the Norwegian Sea, occurring only where the bottom temperature is positive. It is one of

those rather numerous species, which belong to the Northern Atlantic, the warm area, but, on account

of the peculiar hydrography of the Norwegian Sea, proceed far North along the Norwegian Coast

In the « Challenger;: -Echinoidea (p. 201—2) Sch. fragilis is recorded from the Cape of Good

Hope, and recently Professor Bell 1 likewise records the species from South of Africa. Doderlein

(Op. cit. p. 250) supposes that these specimens are really Sch. capensis Studer, of which species a careful

description and figures are given. Having myself examined the type specimen of the Sch. capensis in

1 The Echinoderma found off the Coast of South Africa. I. Echinoidea. Marine Investigations in South Africa. III.

1904. p. 175.

15*
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the Berlin Museum and the specimens of the Challenger; (St. 142), I must fully join Professor

Doderlein herein. As pointed out by Doderlein this species recalls Sch. philippii very much by

the shape of the test; there is no distinct abactinal crest formed by the posterior interambulacrum,

the test slopes gently towards the posterior end. The posterior petals are a little shorter than in

Philippii, but above all it is very easily distinguished from that species by its globiferous pedicellarise,

which are like those of fragilis with a single, large endtooth. On the other hand it differs from fragilis

in the broad shape of the tridentate pedicellarise, besides by the shape of the test. It may be expressly

stated that I have found the pedicellarise of both the type specimen of S. cape11sis and of the « Chal-

lengers-specimen quite like those figured by Doderlein (Op. cit. PI. L. Fig. 3). (PI. XIV. Figs. 33, 48)

In the former I have further found a short and broad pedicellaria (PL XIV. Fig. 42) which may per-

haps represent the rostrate pedicellarise, which have otherwise not been found in this species. Ophice-

phalous pedicellarise have not been found either, and as in S. fragilis they will probably be found

only in quite small specimens.

I have further seen in the British Museum two specimens, labelled Sch. fragilis, from the Cape

of Good Hope Government, (No. 29), evidently the specimens mentioned by Professor Bell (Op. cit),

who states on account of them that the species attains a much greater size here than in the Northern

waters. They are, however, certainly not Sch. fragilis, but belong to the canalif:rus-growp, and pro-

bably represent a new species. The shape of the test is as in Sch. canaliferus, and the pores of the

frontal ambulacrum are arranged in double series as in that species. I have found only rostrate pedi-

cellarise, both specimens being almost naked; they differ considerably from those of cana lifer us, being

much less elongated and with quite smooth edges; the blade is curved in the usual way, a little

widened at the point, which is closely serrate (with ca. 16 teeth); the basal part is rather narrow

(PI. XIV. Fig. 30, comp. with PI. XIV. Fig. 26 which represents the corresponding form of pedicellarise

from Sch. canaliferus). The spicules (PI. XIV Fig. 38. a— c) likewise differ very considerably from those

of canaliferus; they are of two kinds: small, rounded, fenestrate plates, and numerous simple rods of

the usual form, arranged in 3—4 longitudinal rows, the fenestrate plates occurring mainly between

these series. The rosette-plates as in canaliferus. — By the double row of pores in the anterior ambu-

lacrum this form agrees with Sch. canaliferus and Savignyi alone. It is probably a new species; how-

ever, so long as S. Savignyi and the var. major Fourtau l are not sufficiently known as regards their

pedicellarise, 1 think it preferable not to establish it definitely as a new species
— the more so, as it

is itself insufficiently known as regards the pedicellarise.

Of the rather numerous recent species of Schizaster hitherto described three more belong to

the Atlantic (and the Mediterranean), viz. Sch. canaliferus (Lmk.), orbignyanus A. Ag. and Edivardsi

Cotteau. I may take the occasion to give here some additional information of these species, which

may not prove superfluous. Schizaster canaliferus is so well known and well described, especially by

Agassi z and Koehler, that I have only very little to add. It may be worth noticing that there are

found 5—6 large tubefeet on each side along the anal area, the first of these placed in the 5th ambu-

lacral plate; the subanal fasciole passes over the 12th ambulacral plate. (In S. fragilis there are 4—5

1 R. Fourtau: Contribution a l'etude des Echinides vivant dans le Golfe de Suez. Bull. Inst. Egyptien. 4. Ser.

Vol. IV. 1904.
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large subanal tubefeet, the first on the 6th plate; the subanal Fasciole passes over the 10—nth ambu-

lacral plate). The pedicellarise have been described and partly figured by Koehler (Ech. des Cotes de

Provence) but not in a sufficiently detailed manner. Recently Professor Doderlein (Op. cit. p. 2551 has

given a short, but correct description of the pedicellariae. It is, however, not accompanied by figures,

so that I think it will not be found superfluous, when I give here a fuller description and figures of

these pedicellarise.
— The globiferous pedieellariae have the terminal opening of the valves surrounded

by a circle of teeth, generally 3 on each side, and outside these one or two more on each side (PI. XIV.

Figs. 8, 40). The blade is almost equally wide in its whole length; the gland-space in the interior

reaches down to the articular surface. The rostrate pedicellarise (PI. XIV. Fig. 26) have long and slender

valves; the edges are inrolled, sometimes with a few serrations. The point of the blade with ca. 6

teeth, not widened (in the larger ones). At the peristome rather large specimens of these pedicellarise may
occur (ca. o-6mm head), with the neck well developed; rostrate pedicellarise may occur more numerously

on the anal area, but these are upon the whole much smaller, with the point of the blade a little

widened (PI. XIV. Fig. 19), and without distinctly developed neck. As a whole the rostrate pedicellarise

are rather poorly developed; the tridentate pedicellarise are the more prominent (PI. XIV. Figs. 22, 41, 45)

In the simplest form the blade is leafshaped, the edges joining in their whole length, finely serrate.

This form is generally quite small. In larger specimens the valves become more and more apart, the

free edge being more or less regularly and coarsely serrate; the blade is here quite narrow and flat.

In the extreme form the valves join only with the very point. These large pedieellariae (head up to a

little more than i
mm

)
have generally four valves (as figured by Koehler. Op. cit. PL VII. 55), but

specimens with three or even with five valves may be found. (This is, I think, together with the

5-valved tridentate pedicellaria of Salenia hastigcra figured by Doderlein (Op. cit. PI. XLV (XXXVII)

3. i) the only case of 5-valved pedicellarise made known as yet; a case of 8-valved pedicellarise is de-

scribed sub Brissopsis lyrifcra). The triphyllous pedicellarise without prominent features, like small

tridentate ones. — The spicules (PI. XIV Fig. 34) are very small, irregular plates; they are found only

near the sucking disc and are arranged rather regularly in 4 longitudinal series. The rosette-plates of

the frontal pedicellarise well developed, reaching the point of the lobes.

This species is known only from the Mediterranean; only in Rathbuu's Catalogue (337)

p. 291 it is mentioned from the American Coast of the Atlantic (40 02' N. 70 37' W. 101 fathoms). Pro-

fessor Rathbun has done me the very great service to send me this specimen for examination. I

find it to be S. orbiguyanus.

Sell. orbig)iya>ius is figured and described by Professor Agassiz in the « Blake -Ech. p. 76.

PL XXVIII. Agassiz points out that there is a considerable difference between the specimens from

the Caribbean Sea and those from the northern coasts (off Marthas Vineyard), the peripetalous fasciole

being «much broader in the northern form. His fig. 5 probably represents the northern form (in any

case it agrees with the specimen from off Marthas Vineyard, which Professor Rathbun has sent me

for examination), and the Fig. 2 probably the southern form. Judging from these figures it is not

especially the breadth of the fasciole in which they differ, but more in its shape. In the northern form

it is narrow in the anterior part, from the point of the anterior petals ;
the median part of the fasciole

is thus much broader than its anterior part. In the southern form it is broadest in front, passing
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almost straight across the anterior ambulacrum from the end of the anterior lateral petals. The latter

are in the northern form about twice and a half as long as the posterior petals; in the southern form

(to judge from the fig. 2 of Agassiz) they are 4 times as long. It might then well seem a little

doubtful whether they are really the same species
— at least they deserve to be carefully examined and

compared. In case they prove to be different species, the southern form must keep the name orbigny-

anus, as the species was established on specimens from the Caribbean Sea (Prel. Rep. Blake Ech. p. 84).

Unfortunately I could not examine this question during my visit to America, as I could not get

access to the Collections of the Museum of Comparative Zoology, and specimens from the Caribbean

Sea were not in the Collections of the U. S. National Museum or the Museum of Yale College.

S. orbignyanus is upon the whole very like canalifcrus ; a careful examination, however, shows

several more important differences. Agassiz notices as a character which readily distinguishes the

specimens of the two species thus far compared' the closer tuberculation of orbignyanus. In the speci-

mens, I have examined, this is, however, a very little prominent feature; I can indeed scarcely find

any difference between the two species in this respect.
— Perhaps the statement cited was founded

on the southern form. — In the structure of the test I find the most important difference between

the two species in the arrangement of the pores in the odd anterior ambulacrum. In canalifcrus the

pores are arranged in two, close, irregular series, a feature which I find distinct already in a specimen

of 23'
nm

length ;
in orbignyanus these pores form only a single almost regular series (the examined speci-

mens ca. 5o
mm

); the ambulacral plates are thus much higher than in canalifcrus. The form of the

labrum is a little different, the posterior part being comparatively longer and narrower in orbignyanus,

but as in caua/tfcrus it does not reach the 2. ambulacral plate. The first of the large subanal tubefeet

is found on the 6th ambulacral plate (on the 5th in canalifcrus); the subanal fasciole passes over the

11— 12th plate, as in canalifcrus. Agassiz points out that the latero-anal fasciole varies greatly in

distinctness; my observations are in accordance with this; of the two specimens before me one has it

very distinct, whereas in the other it is totally wanting.

The pedicellarise give very good specific characters. The globiferous pedicellarise (PI. XIV.

Figs. 2, 32) are upon the whole very like those of canalifcrus ; the terminal opening of the valves is

surrounded only by a single circle of teeth, 4 (seldom 3) on each side. The second tooth from the

point may sometimes be placed a little more laterally from the others. The form of the valves is

otherwise like that of canalifcrus. The stalk has at its lower end some free, upwards projecting rods

(PI. XIV. Fig. 29); such are not found in canalifcrus. The rostrate pedicellarise (PI. XIV. Figs. 23, 49) are

rather like those of canalifcrus; the blade is long and slender, with smooth, somewhat inrolled edges,

which may be united by a few crossbeams in the lower part. The point of the blade is rather broad,

with about 10— 16 rather strong teeth. They may reach a length of head of ca. i
mm

. The neck is

very short. Small forms like those of caualifrus also occur. The tridentate pedicellarise (PI. XIV

Figs. 12, 17) have rather elongate, narrow leafshaped valves, which join in almost their whole length;

some of them have a few coarse serrations along the edge in the lower part (PL XIV. Fig. 17) ; (up to

ca. o7
mm

length of head). Only these forms have been found, the tridentate pedicellarise thus far from

reaching the rich development of the tridentate pedicellarise in canalifcrus ; but it may be remarked

that I have seen only a few, not very perfectly preserved specimens — a better material will probably
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show that the tridentate pedicellaria; are richer developed.
- The triphyllous pedicellaria; are as usual,

like small tridentate ones. The spicules are long, spinulose rods (PI. XIV. Fig. 27 a-b), in striking contrast

to the very small spicules of canali/erus; they lie transversely to the longitudinal axis of the tubefeet,

indistinctly arranged in two or three series. The plates of the rosette of the frontal tube-feet are well

developed, reaching to the point of the lobes.

Schizaster Edwardsi Cotteau is nearly related to canaliferns and orbignyanus. Professor Joubin
has with the greatest liberality, for which I cannot thank him enough, sent me one of the type-

specimens for examination; I am thus able to give some additional information of characters which

are not mentioned in Cotteau' s diagnosis of the species. The shape of the test is upon the whole

like that of canali/erus; only the anterior ambulacral furrow is a little broader, its sides being almost

perpendicular, whereas in canali/erus they bend somewhat over the furrow. The pores are arranged in

a single regular series — the most prominent difference from canali/erus. The labrum does not reach

the second ambulacral plate of the adjoining series; there are 5
—6 large subanal tubefeet, the first of

these being 011 the 5th ambulacral plate. The lateral fasciole passes over the 13th ambulacral plate.

Only two genital pores, as pointed out by Cotteau. Of the pedicellaria; I can give but very little

information, having found only a single small tridentate pedicellaria with simple, leafshaped valves,

and another small form (PL XIV. Fig. 10) which is probably a small rostrate pedicellaria. The spi-

cules and rosette-plates as in canali/erus.
— Though insufficiently known this species is easily disting-

uished from canali/erus by its single series of pores in the odd anterior ambulacrum and from orbigny-

anus (the northern form) by its spicules. But it is not possible for the present to say, if it is not per-

haps identical with the Caribbean form of orbignyanus, which might, from a zoogeographical point of

view, not be improbable. Also it has a very great likeness to Sch. lacnuosus, and it is impossible for

the present to give other distinguishing characters between these two species than their geographical

distribution: one in the Indo-Pacific Ocean, the other at the Coast of Guinea; {S. lacunosus also has

a single series of pores in the anterior ambulacrum and quite small spicules). Before the Caribbean

form of S. orbignyanus has been closely examined and the pedicellarise of S. Edwardsi have likewise

been made sufficiently known, it is impossible to judge of the specific value of these two forms and

their mutual relations.

Professor Doderlein (Op. cit. p. 255) has pointed out that among the (recent) species referred

to the genus Scliizaster two groups may be distinguished, differing markedly by their globiferous

pedicellarise: in one group (S. /ragilis, capensis, antarcticus and ventricosus) the valves of the globi-

ferous pedicellarise end in a single long, sharp tooth, in the other (S. philippii, canali/erus and japonicus)

they end in 4
—6 short teeth. Though the number of genital pores is not in accordance with this

grouping, as might have been expected, Professor Doderlein thinks that «nach Untersuchung auch

der anderen Arten von Scliizaster die Aufteilung dieser Gattung in mindestens zwei Gattungen nach

den Merkmalen der globiferen Pedicellarien zu erwarten sei(n)».
— In « Revision of Echini » Agassiz

says of Sch. ventricosus that it is 'intermediate between the species of the group of the genus to

which S./ragilis and S. Philippii belong and that formed by S. canali/erus and S. gibberulus . It follows

from this that also Agassiz is inclined to divide the species into two groups, but he does not work
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out this grouping more exactly. Recently Four tan (Op. cit. p. 433) establishes two groups in the

genus Schizaster, founded on the arrangement of the pores of the anterior ambulacrum, viz. 1. the

Sch. caualferus-gronp with these pores biserially arranged, and 2. the Sch. fragilis-gTOup with the

pores arranged in a single series. He does not mention which species he refers to each group.

Before entering on a discussion of this question of the subdivision of the genus Schizaster I

must give a few synonymic remarks on some of the species. As pointed out by Loven (Echinoidea

descr. by Linnaeus, p. 168) the Schizaster Japouicus A. Ag. is identical with Linne's Echinus lacunosus;

the species will then have to be named Schizaster lacunosus (L.). With this species I find further to

be synonymous the Sch. ventricosus Gray. This seems, indeed, quite improbable, judging from the

figures of Sch. Japonicus and ventricosus given in the « Challenger -Echinoidea PI. XXXVI; the two

forms figured there are, I quite agree, distinct species, but the species represented in Figs. 1—3 is not

ventricosus Gray, it is probably identical with the Sch. latifrons A. Ag. described in the Panamic

Deep-Sea Echini*. (This will be verified in Part II of the «Siam-Echinoidea
»).

On the other hand

I cannot agree with Professor Agassiz in regarding Sch. Jukesii Gray as a synonym only of

lacunosus (ventricosus), I even think it more probable that it will have to be referred to another

genus (Periaster), as has been pointed out above (p. 108).
— The matter: Schizaster gibberulus —

Savignyi has been cleared up by Fourtau (Op. cit); I quite agree with him in this question. Finally

I may notice that the Sch. ajfinis Studer named in Broun p. 1392, is, according to a communication

to me in a letter from Dr. Meissner, the same as Sch. capcusis Studer. The recent species hitherto

known of the genus Schizaster are thus: Sch. lacunosus (L.), canaliferus (Lmk.), orbignyanus A. Ag.,

Edwards/ Cott, Savignyi Fourtau, gibberulus Ag., Philippii (Gray), fragilis (Dub. Kor.), Moseleyi A. Ag.,

capensis Studer, autarcticus Doderl., latifrons A. Ag., Townscndi A. Ag.

If we regard the shape of the test of the different *SV///,crff.s'/V;--speeies, we will at once find

them to form two distinct groups. In the one the test is high and the ambulacra rather much deepened,

in the other the test is low and the ambulacra only slightly deepened. To the former group belong:

5". canaliferus, orbignyanus. Edwardsi and lacunosus; to the latter: S. fragilis. Moseleyi. capensis. lati-

frons, Townscndi, autarcticus and Philippii. A third group is perhaps formed by the species gibberulus

and Savignyi. If we now review the more important characters of these species, we shall find the

species of these groups to agree also in other important features, viz. the number of genital pores

and the structure of the globiferous pedicellarire. In the cana/iperus-gxou^ there are two, in the fragilis-

group three genital pores. To be sure the statements of Agassiz regarding the genital pores of «Sch.

ventricosus> and < Sch, Japonicus- do not agree with this; but these statements are based partly on

wrong determinations. D e s o r (Synopsis des Ech. foss. PL 43. 2 a) figures the apical system of a Sch.

canaliferus with three large genital pores; but this is evidently an abnormal and seldom occurring

case: the third pore is in the posterior interambulacrum, not in the anterior left genital plate as in

the other species with 3 genital pores. (To declare the figure to be wrong, as is done by Tornquist
1

seems rather hardy, as the figure is evidently very carefully drawn). In (Catalogue raisoune (p. 121,

Note) Iy- Agassiz says: Je connais des iudividus d'une meme espece (Schizaster lacunosus), dont les

1 Die Beschaffenheit des Apicalfeldes vou Schizaster und seine geologische Bedeutung. Zeitschr. deutsch. geol. Ge-

sellsch. 55. 1903. p. 377.
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tins ont trois, les autres quatre et d'autres deux pores ;
but in the first place it is, as remarked by

Liitkeu (Bidr. til Kuudsk. om Ech. p. 1151, uncertain which species is really meant, and in the second

place there is no certainty at all that these specimens have really all been of the same species.
—

For the fragilis-group no case is known of the occurrence of more or fewer than three genital pores.

It is thus beyond doubt that the number of genital pores is an important and constant character,

distinguishing the two groups of species.
— This feature has been shown by Tornquist (Op. cit.) to

be of importance from a palseontological point of view. The oldest (Cretaceous) S'rhi:asicr-species

have all 4 pores; from these the development goes in two separate directions: to the symmetrical

2-pored and the asymmetrical 3-pored species; the latter form is not known before the Miocene. The

recent Sc/i. gibberulus and Savignyi thus seem to be comparatively primitive forms. Pom el (Op. cit.

p. 36) makes Sch. gibberulus the type of a separate genus, Paraster, which may perhaps be correct; as

long as the pedicellarise of this species (and Savignyi) are unknown, it seems, however, better to leave

the question undecided; but it is worth noticing that these two species differ from the canaliferus-

group also in the lower shape of the test, besides in having four genital pores.

Another character uniting the species of each group much in the same way is found in the

structure of the globiferous pedicellarke, as emphasized by Professor Doderlein (loc. cit). In the

canaliferus-group the valves have the terminal opening surrounded by a circle of teeth, in the fragilis-

group the valves end in a single, large tooth with the opening at its base on one side; S. Philippii

alone makes an exception here, the valves having four teeth round the terminal opening. Professor

Doderlein finds the globiferous pedicellarise of this species to belong to the caualiferus-type; I

cannot quite agree with him herein, finding those of S. Philippii to form a separate type. (For a more

detailed account thereof I must refer to the Report on the Echinoidea of the Swedish South Polar

Expedition). Other characters of importance distinguishing these groups I have not been able to find.

The latero-anal fasciole passes over the 10—nth plate of the posterior ambulacra in fragilis and

Philippii, over the 12—13th in canaliferus and lacunosus — but in orbignyaniis it may also pass over

the nth plate. The first of the large subanal tubefeet is found on the 5th ambulacral plate in canali-

fcrus and lacunosus, on the 6th in fragilis, Philippii, orbignyaniis and gibberulus. The character taken

by Fourtau (Op. cit.) to distinguish the two groups, viz. the arrangement of the pores in the anterior

ambulacrum in a single or double series, does not hold good either. In orbignyaniis, lacunosus and

Edzvardsi they are arranged in a single series — but nobody, I think, will deny that these species

belong to the same group as canaliferus, which has the pores arranged in a double series. — The other

pedicellarise as well as the spicules do not afford characters by which to distinguish the groups. But

the three characters pointed out above: the form of the test, the number of genital pores and the struc-

ture of the globiferous pedicellarise agree in the most beautiful manner and show that the species

canaliferus, orbignyaniis, Edwardsi and lacunosus form one distinct group, the species fragilis, Moscleyi,

antarcticus, capensis, Townscndi and latifrons another group.
1 — To the latter group Sch. Philippii can

scarcely be reckoned. It differs from the other species in having the apical system and vertex almost

central, the shape of the test thus differing considerably from that of the other species of the fragilis-

1 It may be noticed that the globiferous pedicellarise of 5. Edwardsi are unknown. Those of S. Moseleyis
Townscndi

and latifrons I have examined and found to be of the fragi/is-type.

The Ingolf-Expedition. IV. 2. l6
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group (except capensis), in which the apical system .and vertex is decidedly posterior. Further the

globiferous pedicellarke differ from those of the other species, as pointed out above. It might perhaps

not be unreasonable to regard the form of globiferous pedicellarise in this species as a more primitive

form which has developed into the form found in the fragilis-gTowp. The fact that in this group some-

times pedicellariae occur with two endteeth instead of one (PI. XIV. Fig. 24) might then perhaps be a

case of atavism. The central position of the apical system likewise seems to indicate that this species

is more primitive than the fragilis-group.
—

Accordingly I think it reasonable to regard this species

as the representative of a special group, besides the fragilis- and ca/iali/erus-gronp.

The question now arises, if these three or four groups must be regarded as distinct genera.

Gray (Cat. rec. Fch.) groups the species in nearly the same way as is here shown to be the natural

grouping; he regards the groups as subgenera, proposing for the canaliferus-growp the name Nina,

for the fragilis-gxowp (to which S. gibberulus is incorrectly referred) the name Brisastcr, whereas the

name Schizaster s. str. is retained for S. (Moira) atropos. The species Philippii is referred to the genus

Tripylus, which is certainly not correct (see Echinoidea of the Swedish South Polar Expedition); but

on the other hand it is certainly not correct either to regard this species as a typical Schizaster, a

«Southern representative* of S.fragilis as is done by Agassiz (Rev. of Ech. p. 612). Fourtau (Op. cit.)

emphasizes that his canaliferus- and fragilis-gvoxxp must really be considered only as groups of species

within the genus Schizaster, not as sections — «et surtout je me garde bien de donuer uu nom a ces

groupes, car ils passeraient vite a l'etat de genre pour certains taxonomistes plus desireux d'obtenir

des coupes nouvelles que d'etudier a. fond les variations d'uu type*.
— Though I agree that when a

separate name of a group of species is proposed it will easily be made to rank as a generic name, I

think the present case is so distinct that it is necessary to give the groups names as subgenera — I

would even not be very horrified in seeing them made genera. Otherwise Gray has, as said above,

already given such names, viz. Nina for the canaliferus-gtoxxp, Brisaster for the fragilis-gxoxxp. The

latter name is excellent and must be taken into use again; on the other hand the name Nina,

which is quite without meaning, need not be used for the caualiferus-gxoxxxi; this group may simply

be termed Shizaster s. str. — For S. Philippii the name Tripylaster n. subgen. may be proposed.

If the species gibberulus and Savignyi are rightly made a separate group the name Paraster Pomel

will be kept by it.

Unfortunately the name Schizaster is perhaps not rightly assigned to this genus. The type of

the genus Schizaster, established by L. Agassiz in his < Prodrome d'une Monogr. des Radiaires is

X atropos, now named Moira. This name is a changing of the original name Mocra Micheliu, which

was preoccupied for a Crustacean. Strictly speaking Moira is the same name as Moera and ought

not to be used for the Echinid, which ought then to have its original name Schizaster — if not the

yet older name Echinocardium Gray! — In his paper in « Annals of Philosophy 1825 Gray establishes

the genus Echinocardium with E. atropos as the first species. According to a strict interpretation of

the rules of nomenclature the name Echinocardium ought to be iised for Moira atropos etc. and

the names Schizaster Ag., Mocra Mich, and Moira- A. Ag. would be synonyms thereof. Instead of

Schizaster the name Ova Leske (van Phelsum) ought to be used, Gray (loc. cit.) naming only the

species canaliferus under this genus. Instead of Echinocardium in its present use a new name ought
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to be given, if the name Amphidetus can not be retained, which seems not impossible, though

Agassiz (Rev. of Ech. p. 15) thinks it could not be retained, as it is a synonym of Echinocardium

Gray — but of Echinocardium in its later modified sense. — Tbese are, indeed, so disagreeable changes

in nomenclature that I will not propose to make them, the more so as so eminent authorities as

Prof. Ludwig and Dr. F. A. Bather, before whom I have put the whole question, are of opinion

that it is not absolutely needed. I will then retain the names in the sense in which they are used in

^Revision of Echini
,
but I fear it is not in accordance with the strict rules, and I, lor my part, sincerely

regret that Agassiz, who has traced the history of these names and given it fully in his most ex-

cellent Chronological List in the « Revisions, did not make these changes in the nomenclature on that

occasion. It might have been done at that time without causing much trouble. To now change Moira

to Echinocardium or Schizaster, and Schizaster in its present sense to Ova or even to Spatangus
1 would

not fail to cause a great deal of confusion.

The genus Schizaster should then be thus subdivided:

Subgen. Paraster Pomel. Test not very high. Petals and frontal ambulacrum much deepened,

apical system posterior; four genital pores. (Globiferous pedicellariai unknown.)

Species: gibbertdus Ag., Savignyi Fourtau.

Subgen. Schizaster s. str. (Syn. Nina Gray). Test very high; petals and frontal ambulacrum

much deepened; apical system posterior; two genital pores. The globiferous pedicellarise with a circle

of teeth round the terminal opening.

Species: canaliftrus (Link.), laciuwsus (L), orbignyanus A. Ag., Edwardsi Cott

Subgen. Tripylaster Mrtsn. Test low; petals and frontal ambulacrum not much deepened; apical

system subcentral; three genital pores. Globiferous pedicellarise with four teeth round the terminal

opening.

Species: Philippii Gray.

Subgen. Brisaster Gray. Test low; petals and frontal ambulacrum not much deepened; apical

system posterior (or subcentral); three genital pores. Globiferous pedicellarise with a single large tooth

at the point of the valves at one side of the terminal opening.

Species: fragilis (Dub. Kor.), capensis Stud., Moseleyi A. Ag., latifrons A. Ag., Townsendi A. Ag,

antarcticus Doderlein.

28. Spatangus purpureus O. F Midler.

PI. II. Figs. 8, 12, 14, 16. PI. XVI. Figs. 1—2, 5—10, 22, 24—25, 27, 29, 31-32, 34.

Svnonvms: Spatangus meridionalis Risso.

— spinosissimus L. Agass.

— Regincr Gray.

1 Lambert: Description des Echinides fossiles de la province de Barcelona. Mem. Soc. geol. de France. IX. 1902.

p. 55. Xote.

16*
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Principal Literature: O. Fr. Mitller: Zoologia; Danicse Prodromus. 1776. (No. 2850).
1

Zoologia

Daniea. 1788. p. 5.
Tab. VI. — Leske: Additamenta ad J. Th. Kleinii Nat. Disp. Ecli. 1788. p. 170 (235).

Tab. XLIII. Figs. 3
—

5. XLV. Fig. 5.
— Philippi: Beschreibung einiger lieueu Echinodermen etc. Arch.

f. Naturgesch. 1845. !• P- 35°-
— Gray: Catalogue of the Recent Echinida in the Collection of the

Brit. Mus. I. Echinida Irregularia. 1855. p. 47. PI. III. 1. — L. Agassiz & Desor: Catalogue raisoune.

p. 112. — Sars: Norges Echinodermer. p. 99. Middelhavets Littoralfauna. p. 118. — A. M. Norman:

Shetland Final Dredging Report. II. Crustacea Echinodermata etc. Rep. Brit. Assoc. 1868. p. 315.

— H. Bolau (82). p. 3.
— A. Agassiz: Revision of Echini, p. 158, 565 (Numerous figures).

— Loven:

Etudes sur les Echinoidees. PI. XXXVI. On Pourtalesia. PL X. Fig. 109. XII. 145. XVIII. 209—19. —
Koehler (217). p. 127.

— Perrier: Recherches sur les Pedicellaires. p. 17S. PI. VII. Figs. 4, 7.
— Maz-

zetti: Catologo degli Echinidi fossili d. Coll. Mazzetti esistente nella R. Univ. di Modena. Mem. Acad.

Modena. (2) XI. 1896. p. 425. Fig. 6. — Grieg: Oversigt nordl. Norges Echinodermer. p. 33.
— Ludwig:

Echinodermen d. Mittelmeeres. p. 560.
— Bell: Catalogue British Ech. p. 165. PI. XVI. 10. — Hoyle:

Revised List British Ech. p. 424.
- Doderlein: Arktische Seeigel. Fauna Arctica. IV p. 383. Die

Echinoiden der deutschen Tiefsee-Expedition. p. 260. Taf. XXXIII. 2. XLVIII. 1.

N011: A. Agassiz: , Challenger; -Echinoidea. p. 171.
— Verrill: Results of the Explorations

.... «Albatross in 1883. p. 551.

Several other less important literary references are found in the works quoted of Bell and

Ludwig, and in the « Revision of Echini».

Of this very well known and often described and figured species I have only a little to remark.

The test is very often unequally developed, one side (always (?) the right) being somewhat

prominent in front of the other (PI. II. Fig. 8); the specimens from the Faroe Islands especially show

this feature very distinctly and almost constantly, but I have seen it just as distinct in specimens

from the Kattegat and from the Mediterranean. Even in a specimen only i6mm in length this obliquity

is already distinctly seen. -- The largest specimen I have seen (from Roscoff) is ii5
mm

long, 117"""

broad (6o
mm

high); though differing from the usual form in being broader than long it undoubtedly

belongs to this species. Some specimens from the Doggerbank show a remarkable deformity, the

actinal plastron being quite hollow. (Similar deformities also occur in Brissopsis lyrifera and Ecliino-

cardium flavcsccns from the North Sea).

The pedicellarise are rather well known. Perrier (loc. cit.) and Agassiz (Rev. of Ech. PI. XXVI-

Figs. 24-27) have described and figured the two forms of tridentate pedieellarise. Another form, the

triphyllous pedicellarise, has been described, but not figured, by Koehler (loe. cit). The most impor-

tant contribution, however, is given by Doderlein (Op. cit), who gives good photographic figures of

the different forms of tridentate and of the triphyllous pedicellarias. My figures of these forms were

made a long time before Professor Doderlein 's work was published; as they show several minute

details more distinctly than Doderleiu's figures, I think it not superfluous to publish some of them.

- Besides these forms of pedicellarice I have also found ophicephalous ones, whereas globiferous pedi-

cellarise have not been found. Doderlein (Echinoiden d. deutsch. Tiefsee-Exp. p. 262) has found a

1 Agassiz puts a question mark at this quotation; there cannot, however, be the slightest doubt that this species

is really meant, since M tiller in < Zoologia Danica» himself refers to this place, and the diagnosis is the same.
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single globiferous pedicellaria, resembling those of Schizaster Philippii, in a young specimen from the

Mediterranean.

The tridentate pedicellariae occur, as lias been said already, in two distinct forms, one with

elongate, slender valves, the other with short and robust valves. The slender form occurs in very

different sizes, from ca. cr2mm to ca. 2mm (length of head). The shape of the head is well seen in

Perrier's PI. VII. 4. a. The valves (PI. XVI. Figs. 1, 9) are long and narrow, widely apart, joining only

at the point which is a little widened, spoonshaped, with the edges finely and closely serrate. The

edge of the lower, narrow part of the blade is more or less coarsely serrate, but it may sometimes be

quite smooth. The bottom of the blade is abruptly deepened in a narrow stripe along the median line,

with some crossbeams passing over it. In side view this deepening is seen as a narrow crest along

the back of the blade, in dorsal view of the blade it is seen as a sharply defined longitudinal keel,

formed by two knotted edges. The basal part is remarkably narrow; the apophysis is large, mostly with

smooth edge. The three points looking downwards from the basal part, mentioned and figured by

Perrier, I have never seen.

In smaller specimens of this kind of pedicellaria; the valves join to a larger extent, in quite

small ones they join in their whole length. The blade is comparatively broad, simply leafshaped

(PL XVI. Fig. 27). All transitional forms are found between the largest and the smallest specimens, as

is very well shown in the figures given by Doderlein. Two-valved specimens sometimes occur.

The neck is well developed, though rather short in the largest specimens. The stalk is an irregularly

fenestrated tube, with a small milled ring at the lower end for the attachment of the muscles, just

as in the spines, only, of course, much more feebly developed. Such a ring is found on the stalk of

all the pedicellariae except the ophicephalous ones.

The second form of tridentate pedicellariae (PL XVI. Fig. 8) is much coarser, with a thick head

and a short neck. The valves (PL XVI. Figs. 7, 10) are much narrowed in the middle, but the basal part

passes evenly into the blade (a rather conspicuous difference from Macropneustes spatangoides, (comp.

p. 128. PL XVI. Figs. 3, 13). The edge of the outer part of the blade makes an obtuse angle with the

narrowed part; it is finely serrate. The point of the blade is generally somewhat produced inwards.

There is a more or less developed meshwork in the lower part of the blade. The dorsal side of the

blade is uneven, knotted (PL XVI. Fig. 10). In larger specimens of this kind of pedicellariae the nar-

rowed median part of the blade may be rather long (PL XVI. Fig. 25), such valves looking more like

usual tridentate pedicellariae. Perrier (Op. cit. p. 278)
1 names this kind ophicephalous pedicellariae in

spite of the fact that no bow is found below the valves. Now, to be sure, it may well be maintained

that it is no absolutely necessary criterion for ophicephalous pedicellariae that these arcs must be

present (see also de Meijere. Siboga-Ech. p. 244—45)
— as well as, on the other hand, that such arcs

may occur also on undoubtedly tridentate pedicellariae, as has been shown both by de Meijere and

by mvself. In this case, however, it cannot be doubted that these pedicellariae are tridentate and not

ophicephalous, because true ophicephalous pedicellariae of quite typical structure are also found. —

1 At this place reference is made to a figure of a large tridentate pedicellaria (PI. VII. 4. a), but the text and the

explanation of the plates leave no doubt that the Fig. 4- b is meant, which evidently represents a pedicellaria of this second

tridentate form.
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Agassiz (Rev. p. 666) rightly refers this form to the tridentate form, though I might not strictly call

them ordinary tridactyle which is better said of the form with the slender valves. Koehler (217)

follows Perrier in regarding them as ophicephalous pedicellariae.

The ophicephalous pedicellariae (PL XVI. Fig. 6) are generally few in number and have only

been found on young specimens; probably, however, it would also be possible to find some few

among the small abactinal spines in larger specimens; they are found only on the abactinal side and

in the posterior ambulacra on the actinal side. The valves are rather elongate, very narrow above the

articular surface, the side parts of the basal part being very small
;
the blade widens towards the point

which bends inwards; rather strong teeth along the edge, continuing along the sides of the apo-

physis almost down to the articular surface. The blade is deepened in the middle part, with very few

holes and no keel continuing over it from the apophysis. There is a small process from the bow

which is the outermost of the three. There is no neck, and the upper end of the rather compact stalk

is cupshaped.

The triphyllous pedicellariae (PI. XVI. Figs. 2, 22) are very small and delicate (the head ca. o-ia"1111

long). The valves are simply leafshaped, the basal part being a little narrower than the blade, whose

lower corners are rather sharp; the edge is finely serrate on a small part at the lower end. On the

outer side there is a slightly prominent keel at the lower end. — This kind of pedicellariae has first

been seen by Koehler; what Agassiz mentions as < typical trifoliate) pedicellarise (Rev. p. 666,

PI. XXVI. 24) are evidently small tridentate pedicellariae and cannot be said to be (.characteristic of

the Spatangoids propers.

The spicules of the tubefeet have been described and figured by Perrier; it may only be

mentioned here that no spicules are found in the transformed tubefeet (gills) of the paired abactinal

ambulacra — as upon the whole spicules are generally wanting in these tubefeet in the irregular

Echini. As for the structure of the penicillate tubefeet round the mouth I may refer to the very

beautiful researches of Loven. The intestine and genital organs do not contain spicules in their walls.

A young specimen of this species, ca. i2mm in length, has been figured and described by

Agassiz (Revision of Ech. p. 331. PI. XL f. Figs. 19
—

22), and further Loven has given very impor-

tant information especially of the development of the apical system (On Pourtalesia. p. 74, 77. PL XVIII.

Figs. 209— 219); the smallest specimen examined by Loven was 5
-

4
mm in length. From the St. 86 of

the «Ingolf> there are some small specimens, the youngest only 4
mm in length, which enable me to

give some additional information of the changes during growth in this species.

The specimen of 4""" length (PL XVI. Fig. 29, 31, 34) differs very considerably in outline, espe-

cially in side view, from the grown specimens. The anal system is on the abactinal side, rather near

the vertex; the actinal plastron forms a rather prominent hood, the point of which is surrounded by

the fasciole, which is, in the spine-covered specimen, very conspicuous. Only one ambulacral plate

the 6th,
1 reaches wTithin the fasciole; the 7th is just traversed by the fasciole. No pores are accordingly

as yet developed within the fasciole (PL XVI. Fig. 24). The actinostome is as yet almost quite embry-

onal, the labrum only just beginning to widen anteriorly. The abactinal ambulacra are very simple;

1 In this specimen it is abnormally the 5th plate in Ambulacrum I. a, which reaches within the fasciole. In V. b it

is the 6th, as is the normal case.



KCHINOIDKA. II.
127

iii the frontal ambulacrum the plates are rather elongate, with single pores; in the antero-lateral

ambulacra small, single pores have just begun to appear, in the postero-lateral no pores are seen as

yet The actinal tubefeet are already penicillatc, though only with few filaments; the frontal tubefeet

are small, by no means very prominent, which is repeatedly said by Agassi z to be an embryonic

feature (comp. above p. 96). Only ophicephalous and triphyllous pedicellariae are developed, the former

being especially numerous.

Agassiz points out that the specimen figured by him is ^remarkable for its globular shapes,

which is likewise repeatedly emphasized as an embryonic character. As shown by the figures given

here the specimen of 4
mm is by no means of globular shape, and it does not suit better for the later

stages. Specimens of 9 and i4
,nm

length are comparatively not more elevated or even globular than

that of 4
m,n

. If the figure 22. PI. XI. f of Revision of Ech.» is correct in outline, it scarcely repre-

sents Spat, purpureas , but perhaps 5. Raschi, or (if it be an American specimen - -

comp. below)

Macropneustes spatangoides.
— In the specimen of 9

mm
length the actinostome has nearly its definitive

shape, only the labrum is not yet prominent over the mouth-opening. The posterior end is nearly

vertical, the actinal plastron being only a little prominent beyond the anal area. The abactinal ambu-

lacra are not much more developed than in the specimen of 4
mm

length, but double pores have

appeared in all of them, though only in the posterior series in the paired ambulacra. The subaual

plastron (PI. XVI. Fig. 32) has almost reached its definite form, the seventh plate reaching well within

the fasciole and the eighth being traversed by the fasciole and just reaching a little into the enclosed

area. The pore in plate 7 has not yet appeared.
— At a size of 14

— i6mm the specimens have upon

the whole the characters of the grown specimens, except that the frontal ambulacrum is much less

deepened and the petals are still much narrower than in the adult specimens.
— Regarding the devel-

opment of the apical system, and the appearance of the genital pores I may refer to Eoven (loc. cit),

with whose results my own quite agree.

This species was taken by the < Ingolf <> at the following stations:

St. 86 (65 03' Eat N. 23 47' Long. W. 76 fathoms ? C. Bottom temp.) 9 specimens.
—

87 (65° 02' -
23° 56' no — ? )6 -

-
98 (65° 38'

-
29 00' 138

-
5°9

-
)

1

Numerous specimens were taken by the author at the Faroe Islands, 13 miles W. by S. of

Munken», ca. 150 fathoms, and E. off «Fuglo», ca. 70 fathoms.

Bell (Catalogue, p. 166) gives a bathymetrical distribution of this species of 5
—

530 fathoms;

I cannot find in the literature the species recorded from a greater depth than 458 fathoms (Porcupines,

Faroe-Channel. Bell loc. cit). It seems most common at lower depths, down to about 200 fathoms. Its

geographical distribution is: along the whole west Coast of Europe, from the Mediterranean and the

Azores to the Northern Coast of Norway (Tromso) and the South Coast of Iceland, but not the North

Coast, and it is not found in the cold area of the North Atlantic. Further it is said to occur at the

Bermudas
( Challenger -Ech. p. 171) and at the East Coast of North America (Rathbun. Catalogue

(337). p. 288); Verrill, loc. cit). The statement of its occurring at the Caribbean Islands (Prel. Rep.

« Blake -Echini (6). p. 83) was corrected by Agassiz himself
(
Blake -Echini, p. 64) as being caused by

a wrong identification of Macropnestes spatangoides A. Ag. But also the other statements of the occur-
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rence of Spatangus purpureas in American waters are due to confusion with Macropneustes. One

of the specimens in the U. S. National Museum Professor Rathbun most liberally sent me to Copen-

hagen for examination, the others I examined during my visit to America last summer. I likewise

had then occasion to examine specimens in the collection of Yale College. All these specimens I found

to be Macropneustes, though perhaps not all Macr. spatangoides (see below). The specimen from

the Bermudas, taken' by the Challengers, I have examined in the British Museum; it is likewise

Macroptieustcs (the characteristic branching fasciole is distinctly developed). It may then be taken

as rather certain that Spatangus purpureus does not occur at the American side of the Atlantic; in

any case it has not hitherto been found there.

That the Spatangus of the Mediterranean (S. nieridionalis Risso, 5. regina Gray) is identical

with the Spat, purpureas of the Northern Atlantic I quite agree with Agassiz, Ludwig, Koehler,

Bell a. o. In the pedieellarise no difference between the Mediterranean and the northern form is found.

To be sure, Perrier (Op. cit. p. 1 80) states that those of i". meridionalis are a little more elongate;

but he has certainly seen only a few pedicellarias, otherwise he must have found them elongate in

various degrees. The differences in the shape of the test pointed out by Philippi and Sars (Op. cit.)

are not constant, though I agree that the Mediterranean form is generally a little more arched than

the northern form; the latter is often as high as the Mediterranean form, but it is generally more

sloping towards the ambitus. Norman (Op. cit.) points out several other characters, which would cer-

tainly distinguish the Mediterranean form as a good species
- -

but, as is already pointed out by

Hoyle (Op. cit), it is Spatcingus Raschi, which Norman has mistaken for the Mediterranean form. —

Judging from the material at my disposal of the Mediterranean form of Spat, purpureus it can at most

be regarded as a rather indistinct variety.
— The type of 5. spinosissinius Ag. I have not seen; but

it cannot be doubted that it is identical with purpureus, since no other low species of the genus

Spatangus is known from the European seas to which it might be referred. («Espece deprimee»).

A few words may here be said on Macropneustes spatangoides A. Ag. The pedicellariae are upon

the whole very like those of Spat, purpureus, but some differences may be noticed. The tridentate

pedieellarise are epiite like those of S. purpureus except the largest forms (PI. XVI. Figs. 20, 33) which

have the outer, widened end of the blade shorter and more spoonshaped; the edge is bent strongly

inwards at the lower end of the widened part; the keel of the blade is not distinct. The stalk is very

short and thick, the neck quite short. This large form (2
mm

head) I have not found in Spat. purpureus.

The second form of tridentate pedicellariae (PL XVI. Figs. 3, 13) differs from the corresponding form

in X purpureus in having the basal part sharply limited from the blade, the edge forming a distinct

angle between the basal part and the blade, whereas in X purpureus the one continues evenly into

the other without a distinct angle. The blade is rather small, though not so small, generally, as in the

figured one. Elongated specimens of this kind of pedicellarise (i
mm

head) (PI. XVI. Fig. 30) are found

as in Spat, purpureus. The ophicephalous pedicellarise (PI. XVI. Fig. 4) are rather different from those

of purpureus. the blade being shorter and the basal part being more developed than in that species.

The triphyllous pedicellarise (PL XVI. Fig. 15) are mainly like those of X purpureus. The spicules are

irregular, more or less branched rods. — The pedicellarise mentioned here were taken from the Chal-
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lenger-specimen from Bermudas — in the Albatross s specimens the short form of tridentate pedi-

eellarire differs a little from that of the , Challenger -specimen, the outer, widened part of the blade

being a little shorter and sharper set off from the narrow lower part (PI. XVI. Fig. 14); quite short

specimens of this form, corresponding to that figured in PI. XVI. Fig. 3,
I have not seen in any of

these specimens; neither were ophicephalous pedicellariae found in any of them. This difference in

the pedicellarise is certainly too unreliable for regarding the * Challenger -specimen as specifically dis-

tinct from the Albatross~>-specimens. Nevertheless I am not quite sure, whether or not more than one

species of Alacropneustcs is found in the American waters. So considerable differences are found among

the specimens in the outline of the test, in the development of the petals, in the number and size of

the primary tubercles of the abactinal side, that it might well deserve a close investigation, if all

these different looking specimens are really one and the same species. I may mention here that in a

specimen from < Albatross» St. 1109 in the Museum of Yale College, there is no trace of the peripetalous

fasciole; the specimen otherwise agrees with Alacropncustes, and in any case it is no Spatangus pur-

pureas, as might otherwise be inferred from the wanting of the fasciole.

The genera Spatangus and Macropncustes are evidently- very closely related. In the structure

of the test, pedicellarise and tubefeet they agree almost completely; in fact, the only essential differ-

ence is the presence of the peripetalous fasciole in Alacropneustcs.

29. Spatangus Raschi Loven.

PI. I. Figs. 4—5. PI. II. Fig. 19. PI. XVI. Figs. 17, 23, 28.

Literature: Norman: Shetland Dredging Report II. Rep. British Assoc. 1868. p. 315. («Spa-

tangus meridionalis
•).

— Loven: En ny Art af Slsegtet Spatangus fran Nordsjon. Ofvers. Vet. Akad.

Forhandl. 1869. p. 733. Tail. XVIII. — Agassiz: Revision of Echini, p. 159, 567. PL XXV. Fig. 35.

XXVI. Fig. 23.
— Wyville Thomson: «Porcupine»-Echinoidea. p. 750.

— Grieg: Overs, nordlige

Norges Echinodermer. p. 33.
— Bell: Echinodermata off the S.W. Coast of Ireland (69). 1889. p. 442.

— Catalogue Brit. Echinoderms. p. 167. PI. XVI. Fig. n. — Hoyle: Revised list of British Echinoidea.

p. 426.
— Doderlein: Arktische Seeigel. Fauna Arctica. IV. p. 3S3. Echinoiden d. deutschen Tiefsee-

Exped. p. 262. Taf. XXXIII. Fig. 4. XLVIII. Fig. 2.

Xon.: Agassiz: < Challenger -Echinoidea. p. 171.
— Bell: Echinoderma of South Africa. I.

Echinoidea. p. 173.

This species is, like the preceding one, very well described, so that only a few remarks have

to be added. — Like Sp. purpurcus it may have the two sides of the test unequally developed, though

not so much as in that species, judging from the specimens before me. — Photographic figures are

here given of a large, beautiful specimen, quite typical, except in the curious fact that the two pores

included by the subanal fasciole are present only on one side. — The subanal fasciole is evidently

apt to disappear in this species. Of 8 specimens examined by me the fasciole is completely developed

only in two; in three of them it is more or less rudimentary, and in three of them it has quite

disappeared.

The pedicellarise have been figured by Agassiz in Rev. of Ech. (the short tridentate form)

and by Doderlein (Echinoidea d. deutsch. Tiefsee-Exp. PI. XLVIII. 2, the slender form of tridentate

The Ingoll'-Expedition. IV. 2. 1 7
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pedicellarise). The same kinds of pedicellarise occur as in Sp. purpureas, only the ophicephalons and

globiferous forms have not been found, but it can scarcely be doubted that they occur in this species

too, at any rate in quite young specimens. The long and slender form of tridentate pedicellarise figured

by Doderlein I have not seen; on the other hand I have found a form, which differs rather much

from those of purpureus (PL XVI. Fig. 28). They are short and rather broad, with faintly serrate edge

and some meshwork in the bottom of the blade; a median dorsal keel is slightly developed, the basal

part is wide, and the apophysis not very prominent. In larger specimens of this kind (up to i
mm

length

of head) the valves are apart in the lower half of their length; small specimens have simply leaf-

shaped valves and are like those of purpureus. The second form of tridentate pedicellarise (PI. XVI.

Figs. 17, 23) resembles that of purpureus very much, only the outer edge of the basal part is generally

somewhat serrate; as in purpureus the valves may be rather elongate, thus resembling more the slen-

der form. A rather extreme case of this form is shown in Doderlein 1

s Fig. 2. a; I have not seen

such elongate specimens. The triphyllous pedicellarise are like those of purpureus; the stalk of the

pedicellarise as in that species.

The tube-feet and their spicules do not differ from those of purpureus. No spicules are found

in the walls of the intestine and genital organs. A small difference from purpureus is found in the

terminal portion of the spines of the actinal plastron; in Raschi the widened terminal portion is rather broad,

but short, whereas in purpureus it is little broader than the spine itself but occupying a larger portion of

the spine. The edges of this terminal widening are generally serrate in purpureus, smooth in Raschi.

One specimen was taken by the «Ingolf»-Expedition at Stat. 55 (63 33' Lat. N, 15 02' Long. W.

316 fathoms; bottom temperature 5°9). Further I have myself dredged a specimen at the Faroe Islands,

(East of Sudero, 150 fathoms). 3 specimens were taken at 6i° 7' Lat. N., 9 30' Long. W. 835 M. 1904.

This species is a decided warm-area form. The Norwegian North Sea-Exped. has dredged it at

several places with a bottom temperature of about 6° — with one remarkable exception : St. 96, where

the temperature was only — ri; also the depth of this station (805 fathoms) is remarkably greater than

where this species has elsewhere been taken (ca. 100—500 fathoms). Otherwise this case is quite ana-

logous to what is recorded for Echinus Alexandri. Both species undoubtedly belong to the warm area,

but may thus occasionally occur in places with negative bottom temperature, probably only on the

edge of the warm area, on the slope towards the great cold basin of the Norwegian Sea.

The geographical distribution of Spat. Raschi is in the whole North Atlantic from Norway to

the Azores, but not on the American side. It is further stated in the Challenger -Echinoidea to occur

at the Cape of Good Hope, and recently Professor Bell likewise mentions this species from the South

African Sea (Echinoderma of South Africa. I. Echinoidea. p. 173). Professor Doderlein, however, sug-

gests that these specimens will prove to belong to the species S. capensis, described by him. I have

examined these specimens in the British Museum, and can thus state that they are really 6". capensis.

Thus S. Raschi is not known from the South African Sea.

Bell (69) mentions some specimens intermediate between the typical purpureus and Raschi,

and he finds it reasonable that the two species may form hybrids. I think he is right in suggesting

that. Figures are here given (PL II. Figs. 12, 14,16) of a specimen from the Faroe Islands (13 Miles W.

to S. of < Munken \ ca. 150 fathoms) which would on account of the high shape of the test decidedly
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be referred to S. Raschi\ but the other characters (especially the subanal fasciole and the pedicellarise)

are quite those of purpureus. The petals are somewhat shorter than usual, especially the posterior

ones. The measurements of this specimen are: Length: 54
mm

, height: 34™'", length of posterior petals:

i6mm . Those of an equal-sized specimen of purpureus are: Length: 6oram
, height: 29

mm
, length of

posterior petals: 2imm . I think it rather certain that we have here a hybrid of S. purpureus and

6". Raschi.

I may here take the occasion to give some remarks on Spat. Liitkeni A. Ag., based on the type

specimen of Spat, altus Liitkeu (M. S.), which is stated by Agassiz («Revision of Echini- p. 158) to

be a synonym of 5". Liitkeni. There are, however, some points in the description given by Agassiz
in Revis. of Ech. p. 564, which do not suit with this specimen, so that it may perhaps be doubtful,

whether it is really identical with S. Liitkeni. Unfortunately Agassiz has given no figures of the

species. Recently Professor Doderlein (Echinoiden d. deutsch. Tiefsee-Exp.) has given some figures

and descriptive remarks of 5. Liitkeni -- they do not agree with the present specimen either. I am

unable to decide the question and can only give a description and figures of the type specimen of

£ altus Ltk., leaving it to somebody who has access to the true 5! Liitkeni to decide, if they are

really identical; in that case the specimen figured by Doderlein will probablv represent a new

species. In case the present specimen proves to be another species than 5. Liitkeni, it will have to keep

the name 5. alius Ltk.

This species shows a remarkable union of features characteristic of both X purpureus and

Raschi, much in the same way as X capensis. The test (PI. I. Figs. 1—3) is high as in 5! Raschi, but

the tuberculation is more like that of purpureus, no primary tubercles occurring in the ambulacra on

the abactinal side. In the paired abactinal interambulacra the primary tubercles form a very distinct

transverse series on each plate except one or two at the ambitus, an arrangement which is not in

accordance with the descriptions of Agassiz and Doderlein, but rather closely agreeing with the

arrangement in i". capensis. In the description of .5". Liitkeni Agassiz says (p. 565): the small tub-

ercles covering the abactinal surface are much larger and more closely crowded than in the other

species ; perhaps <larger is a lapsus calami for smaller* — in any case they are very small in the

present specimen, smaller than in the other species. The actinal plastron is somewhat broader than in

X Raschi; the test is rather sunken towards the actinostome as in Raschi, but the labrum is short

and broad as in purpureus. The area enclosed by the subanal fasciole is not much larger than in

Raschi; three pairs of pores (four ambulacral plates) are enclosed within the fasciole, a character most

decidedly distinguishing this species from purpureas, Raschi and capensis
1

,
in which only two pairs

of pores (three ambulacral plates) are included by the fasciole. The petals are decidedly broader than

in purpureus and Raschi, whereas 5! capensis comes rather near to it also in this respect. According

to the description in Rev. of Ech. the lateral petals are proportionally shorter than in the other

species, which does not hold good either of the present specimen. In the specimen figured by Doder-

lein the petals are much narrower than in the present specimen.

1 Doderlein does not give any information of this feature in Sp. capensis; of the specimens of this species ex-

amined by me in the British Museum I find in the «Challenger»-speeimen only one pair of pores enclosed in the subanal

area, in the other specimen 2 pairs (or at least on one side 2 pores).

17*
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The two usual forms of tridentate pedicellarise have been found in this specimen. The slender

form is essentially like that of purpureas, but only small specimens were found, so it caunot be taken

for certain that the larger ones are also alike to those of purpureas. The short form of tridentate

pedieellariEe (PL XVI. Fig. II) has a remarkably small blade, with the edge very faintly serrate (only

to be seen in side view); the upper edge of the basal part is generally a little serrate as in Raschi,

and there may be some irregular prominences from the lower side of the articular surface. Small

specimens of this form have the blade comparatively larger (PI. XVI. Fig. 19). Specimens with elongate

valves I have not seen, and neither were ophicephalous pedicellarise found. The triphyllous pedicellarise

are like those of the other species.
--

Spines, tube-feet and spicules do not seem to present charac-

acteristic differences from the other species. (No spines are preserved on the actinal plastron).
— The

locality of this specimen is given as « China Seas (S aim in).

One more recent species is referred to the genus Spatangus, viz. 5. (Loncophorus) interruptus

described by Studer (386). I have examined the type specimen in the Berlin-Museum and can state

that it is no Spatangus at all. To what genus it belongs I do not venture to say definitely for

the present.

Lambert in his « Description des Echinides fossiles de la province de Barcelone» (Mem. Soc.

Geol. de France. IX. 1902. p. 54—55)
' has called attention to the fact that the genus Spatangus in its

present conception is not the same as Klein's Spatangus, which is characterized as having deepened

ambulacra (siusignem habeutes lacunam in dorso, sulcosque in vertices). He then proposes to change

the name of the present genus Spatangus into Prospatangus, and — if I understand him rightly
— to

make Schizaster canalifcrus the type of the genus Spatangus Klein. It does not seem to me necessary

thus to change the name into Prospatangus (Leske himself includes Spatangus purpureas in Klein's

genus Spatangus), though Lambert is probably right that the present use of the name Spatangus

«repose sur une erreur
,
and especially I would find it extremely unfortunate to give the name Spa-

tangus to Schizaster. It would not fail to create an extreme confusion, and — as far as I can see —

the rules of nomenclature do not at all necessitate this unfortunate changing of the names.

30. Echinocardium flavescens (O. Fr. Midler).

PI. II. Figs. 2, 10. PI. XVI. Fig.26. PI. XVII. Figs. 4, 7— S, 10— 11, 17, 27, 31, 40-41, 45. 5°-

Principal synonyms: Spatangus ovatus Leske.

Amp/iidctus ovatus (Agass.).

Echinocardium ovatum (Gray).

Amphidetus roseus Forbes (?)

Principal Literature: O. Fr. Miiller: Prodromus Zool. Dan. 1776. p. 236.
-- (Non: Zoologia Da-

nica (Abildgaard). III. p. 17. Tab. XCI. 4.M
— Leske: Additam. ad J. Th. Kleinii. Nat. Disp. Echinod.

p. 252. Tab. 49. 12—13.
— Forbes: Brit. Starfishes, p. 194.

— L. Agassiz & Desor: Cat. raisonne des

1 Comp. also Lambert: Etude sur les Echinides de la Molasse de Vence. Auu. soc. des Alpes Maritimes. XX.

1906. p. 48.

2 See: Diiben & Koren: Skand. Ech. p. 283— 4.
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Ech. p. 12. — Diiben & Koren: Skandinaviens Echinod. p. 283. Tab. X. 50.
— M. Sars: Beskrivelser

og Iagttagelser. 1S35. p. 46. PL IX. 23. Norges Echinod. p. 98.
— Gray: Catal. Rec. Eehinida. p. 43.

-
Perrier: Rech. sur les pedicellaires. p. 175. PL VII. 2. a.— f. — Th. Barrois: Echinod Acores (30).

p. 12. Catal. Ech. Concarneau (29). p. 46.
— Bolau: Spat. Hamburger Mus. (82). p. 10. — A. Agassiz:

Revision of Echini, p. no, 351. PL XX. 3—4. XXV. 26. — Loven: Etudes sur les Ech. PI. III. 33—37.

On Pourtalesia. PL XI. 127-30. PL XV, XVII. — Ludwig: Echinodermen d. Mittelm. p. 561.
— Bell:

Catalogue Brit. Echinoderms. p. 171. PL XVI. 6—7. — Hoyle: Revised List Brit. Echinoidea. p. 428.

— Koehler: Recherches s. les Echinides de Provence, p. 129. PL VII. 57, 59—60. Sur les Echinocar-

dium de la Mediterranee (231). p. 180. PL IV. 5— 13.
— Grieg: Overs, uordlige Norges Echinod. p. 34.

—
Doderlein: Arktische Seeigel. Fauna Arctica. p. 384. Echinoideu d. deutschen Tiefsee-Exped. p. 268.

Non.: A. Agassiz: Challenger--Echinoidea. p. 175.
— Bell: Echinoidea. South Africa, p. 174.

— Gas co : Descrizioue Ech. nuovi (159). p. 6. Fig. 3.

For other literary references see: «Revision of Echini*, Bell: Catalogue Brit. Ech., Ludwig:
Echinod. d. Mittelmeeres, and Koehler: Sur les Echinocardium de la Mediterranee.

This species has been so very often described and figured that little new can be added, espe-

cially after the elaborate comparative study of the European species of the genus Echinocardium given

by Koehler. Some few remarks, however, may be made, and especially the pedicellarise of this and

the other species need a closer examination than has hitherto been made of them.

Eminently characteristic of this species are, as pointed out by Koehler, the large tubercles

outside the fasciole, along the anterior ambulacrum and in the lateral interambulacra. Koehler finds

these tubercles more numerous in the small than in the larger specimens. This is not in accordance

with my observations. In a small specimen of 8-5
mm

length I find only a few larger tubercles in the

anterior interambulacra; in a specimen of iomm length there is also a single large tubercle in the

posterior interambulacrum. A specimen of ic;
mm

length has, besides several large tubercles in the ante-

rior and in the odd posterior interambulacrum, a single large tubercle in the left lateral interambula-

crum, just behind the left anterior petal. Later on more large tubercles appear, especially along the

posterior edge of the anterior petals, large specimens having here generally several close-set large

tubercles, besides more or fewer spread on the upper plates of these Interambulacra. I have seen no

specimens agreeing with that figured in PL 4. Fig. 10 by Koehler (Echinocard. de la Mediterranee),

and the suggestion that this figure represents, really, another species, seems not quite unfounded.

(Comp. below, p. 143
—

4.)

The labrum reaches the anterior end of the second adjoining ambulacral plates; sometimes it

reaches to the middle of these plates, but generally their anterior, inner corner is produced to meet

the labrum. In young specimens (comp. PL XV. Fig. 172 in Loven's «On Pourtalesia*) it does

not reach beyond the first ambulacral plate; in a specimen of 8 -

5
mm I find it still reaching only to

the end of the first ambulacral plate.
— The anterior edge of the labrum is straighter than in

the other species, (except pennatiftdum) as pointed out by Agassiz (<Rev. of Ech. p. 351).
— The

number of pores included by the subanal fasciole is, as stated by Bell, one or two pairs, both cases

occurring almost equally frequently. In one case I have found the first ambulacral plate reaching
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within the fasciole to be the 7th (on the left side only); otherwise it is the 6th as found by Loven

to be a general rule. (For an interesting exception to this rule, see sub Brissopsis, p. 163).

Regarding the development of the petals I may notice that the large pores in the anterior

series of the antero-lateral petals do not appear before the specimens have reached a length of ca.

i5
mm

. From the table given here it is further seen that no small variation may occur in this respect

(The specimen of i4
mm is a little higher than usual).

Number of pores in the petals.
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tliey are rather large (ca. o-5
mm

length of head), and the thick, probably glandular,' dark pigmented
skin makes them very conspicuous objects.

The rostrate pedicellariae (PI. XVII. Figs. 17, 40, 50) have very short valves, joining in the

outer half (or more) of the blade. In fact, it is rather difficult to recognize the rostrate type of pedi-

cellariae in this form, but a comparison with the corresponding form in the other species leaves no

doubt thereof. The edge is very finely serrate in the outer part of the blade, smooth in the lower

part, as is also the edge of the basal part. The form of the basal part is not always as shown in

the figure 40, PL XVII, it is equally often without the narrowing towards the articular surface. The

neck is well developed, and is sometimes found somewhat retracted over the upper end of the stalk,

in a manner recalling the globiferous pedicellariae of Sfrongylocetitrotus (comp. Part I. p. 163 PI. XX.

Figs. 25, 29). There may be a small ring at the lower end of the stalk. They are rather small, scar-

cely more than ca. 0-2—o-3
,nm

length of head. -- It is probably this form which Koehler mentions

and figures under the name of pedic. gemmiforme> (Sur les Echinocard. de la Mediterr. p. 184. PI. 4.

12), though I have not found any pedicellariae resembling that figure very closely; probably it is not

really of Ech. flavescens.

The tridentate pedicellariae (PI. XVII. Figs. 11, 27, 31, 41) have broad, leafshaped valves, differing

somewhat in outline, as seen in the figures; in the small specimens the valves join in their whole

length, in larger ones the lower part is more or less narrowed, the edges being apart in about the

lower half of their length. The edge of the narrowed part is rather coarsely serrate, often with the

teeth placed in rather distant transverse series of 2—3 teeth in each; the edge of the outer part,

where the valves join is closely and finely serrate in the usual way. There may be some meshwork

at the bottom of the blade in the larger specimens. Sometimes four-valved specimens occur. The apo-

physis may be finely serrate at its upper end. The neck is well developed; the stalk may have a

rather distinct ring below for the fastening of the muscles. They reach a considerable size, up to ca.

i
-

5
mm

length of head. — It is to be remarked that the stalk of the tridentate, rostrate and triphyllous

pedicellariae in the species of Echi>wcardium consists of slender rods, which are almost not at all con-

nected by transverse rods, except above and below; they differ herein from most other Spatangoids.

— The large trideutate pedicellaria figured by Koehler (Echinocard. de la Mediterr. PI. 4. 13) differs

considerably from those figured here; in fact, I have never seen any tridentate pedicellaria resembling

that figure in any of the numerous specimens of Echinocard. flavescens which I have examined. On

the other hand I have found a quite similar form in a specimen received from Professor Koehler

under the name of Echinocard. pennatifidum from Tamaris s. Mer (Var). There seems to be some mis-

take here. (Comp. below, p. 142
—

4).

The ophicephalous pedicellariae (PI. XVII. Figs. 7, 8) I have found only in young specimens (up

to a size of i8mm
); they occur only on the actinal side in the naked posterior (bivial) ambulacra, and

may be very numerous. As is usual in Spatangoids the)' have no neck, the head resting directlv on

the upper end of the stalk which is cupshaped widened; the stalk otherwise is composed of a rather

close, irregular meshwork. The valves are elongate, slender, widened towards the point, the basal part

1 Koehler iRech. sur les Ech. des Cotes de Provence, p. 1301 however, states that no ^substance muqueuse» is

found here.
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being very narrow. As is usual the blade is simply deepened, the edge thick and rather strongly ser-

rate; the lowermost arc has a small prolongation in the middle.

The triphyllous pedicellarise (PI. XVI. Fig. 26) have only a few serrations in the edge at the

lower end of the blade, a remarkable difference from Ech. cordatum (comp. below, p. 146). It is evidently

this form which is figured by Koehler (Rech. s. 1. Ech. de Provence. PI. VII. 57); but the valves are

there represented as being dentate along their whole edge, which is scarcely correct — at least I have

never seen them so.

This species does not generally reach a large size, in which respect it differs from Ech. penna-

tifidum. One of the specimens before me, however, has a length of 54
mm

(«M. Sars». 4—5 miles S. E.

ofSvino, Faroe Isl., 50
—60 fathoms). Sars (Norges Echinod.) describes the curious monstrosities which

occur among the specimens of this species (as also in Spat, purpureus and Brissopsis lyrifera). I give

here some figures of such remarkable monstrosities (PI. II. Figs. 2, 10).
— On several of the sj)ecimens

from the dngolf » St. 6 some Ostracods were found between the spines; (parasitic?).

By the «Ingolf> this species was taken at the following stations:

St 6 (63 43' Lat. N. 14 34' Long. W. go fathoms 7°o C. Bottom temp.) 28 specimens.
86 (65 03'

-
23 47'

-
76

- ? -
) 7

87 (65°o2'
—

23 56' no — ?
)
10

—
98 (65°3S'

— 26° 27'
—

138
—

5°9 )
1

-
129 (66° 35' 23 47' "7 6°5

- -
)

1

The geographical distribution is from the Coast of Northern Norway and South of Iceland to

the Mediterranean and the Azores; the bathymetrical distribution is ca. 5—150 fathoms.

Specimens from the Mediterranean and the Azores I have not seen; it seems, however, certain

that not all the Mediterranean specimens referred to Ech. flavescens are really this species. Thus

Gasco (Op. cit.) points out that in his specimens primary tubercles are found only along the borders

of the anterior ambulacrum. This recalls the figure 10, PL 4 of Koehler (Echiuocard. de la Mediterr.),

in which likewise no large tubercles occur except along the anterior ambulacrum. Adding hereto the

fact that pedicellarise such as those figured by Koehler (Op. cit. PL 4. Figs. 12, 13) have not been met

with in any of the numerous specimens of flavescens examined, but in some specimens of a distinct species

described below, p. 142—4 (sub Echinocardium pennatifidwm\ it will probably not be held too hazardous,

when I venture to suggest that at least not all the specimens of <.Ech. flavescens > from the Mediter-

ranean are really that species.

Ech. flavescens is further stated to occur on the American side of the Atlantic and at the Cape

of Good Hope, but these statements evidently need a renewed examination. I have myself not seen

any American specimens, but in view of the results obtained by the examination of the American

specimens of rSpatangus purpureus* and aBrissopsis lyrifera*, I think it not too hardy if I venture to

say that the American Echinocardium flavescens might also well deserve a renewed careful examina-

tion in the light of the characters pointed out for the Echinocardhtm-species by Koehler and myself.

The description and figures in «Revis. of Echini. » do not speak against the identity, but they are not

sufficiently detailed for proving definitely that the American form is really Ech. flavescens, and in the

description there is one point which is not in accordance with the flavescens of our seas, viz. that the
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colour in the living animal is pinkish. As pointed out already by Diiben & Koren (Op. cit.) the

colour of the species in the Scandinavian seas is yellowish. To be sure, Forbes (Op. cit.) states the

species to be rose-coloured when alive; but I do not feel convinced that his Amphidetus roseus is

really synonymous with Ech. flavescens. Barrois (Catalogue des Crust. Podophthalm. et Echinodermes

rec. a Concarneau, p. 46) regards A. rosezis as a distinct species, but, as far I can see, the colour is the

only real distinguishing character hitherto pointed out, in spite of Barrois' statement that it is dis-

tinguished from flavescens <^par sa forme plus allongee et moms elevee; par sa taille moindre» —
;
the

form is too variable to be relied upon alone, and the size is evidently not to be stated to be smaller

upon the whole from the single specimen taken by Barrois. - In any case, when the rose-coloured

form comes to hand, it ought to be examined closely, also regarding the pedicellaria;; till it is thus

proved to agree in all essential characters with flavescens I cannot consider A. roseus as a mere syno-

nym of flavescens. Another thing is that the true flavescens is probably also included in the descrip-

tion given by Forbes, but in case two species are confounded, the name roseus must, of course, be

kept by the rose-coloured species.

The specimens from the Cape of Good Hope are certainly not flavescens. I have examined in

the British Museum the specimens from the Challenger* (St. 142) as well as some of the specimens

referred by Professor Bell to that species (Echinoidea of South Africa, p. 174), and further I have had

the great pleasure to receive from Dr. Gilchrist in Capetown three specimens of the same form;

(they were, evidently by a mistake, labelled Echinocardiiim australe). These specimens are certainly

very like the Ech. flavescens as regards their habitus, but a close examination shows them to be a

distinct species, which I shall describe here under the name of Echinocardium capense n. sp.

The shape of the test (PI. II. Figs. 5, 6, n) is a little different from that of flavescens ; it is

comparatively broader and lower, the apex and the part with the fasciole is especially almost saddle-

like depressed. The fasciole is comparatively smaller and more oval (not straight in front) than in

flavescens (Figs. 22—23). The apical system is like that of flavescens. only the madreporite is perhaps

a little more elongate in the Cape species. The spines seem to be a little more slender than in flavesc-

ens, and especially it is a prominent feature that no large spines (and tubercles) are found along

the posterior side of the anterior petals; only in the largest specimen (26
mm

length) I find 1 — 2 larger

tubercles at the lower end of these petals; likewise no large tubercles are found in the posterior

interambulacrum on the abactinal side.

The peristome is somewhat broader but shorter than in flavescens. As in that species the

labrum reaches the middle of the second adjoining ambulacral plates; its anterior border is almost

straight, very little prominent. — The subanal fasciole has, as in flavescens, distinct anal branches.

Two or three pairs of pores are included by the fasciole, whereas only 1— 2 pairs are included by it

in flavescens. Since both species may thus have 2 pairs of pores included by the subanal fasciole, this

character might seem rather useless as a distinctive feature; but it is, really, not so useless. In the

Cape specimens with only two pairs of pores included, I find also the following ambulacral plate

transversely elongated, reaching to the fasciole; there are thus in this species four transversely elon-

gated ambulacral plates on each side of the fasciole, whereas in flavescens there are only three such

elongated plates; likewise it is a distinct feature that these plates, which reach within the fasciole, are

The [ngotf-Exprdition. IV. 2. iS
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considerably narrower than in flavescens. — In the anterior petals the number of pores in the anterior

series is larger than in flavescens, viz. 6—
7, whereas in flavescens of a corresponding size there are

only 2—6, the number varying rather much. As the pore-bearing plates of the petals are rather large,

this difference is fairly conspicuous. In the posterior series of the anterior petals and in both series of

the posterior petals the number is the same in both species. The odd anterior ambulacrum narrows

conspicuously where the fasciole traverses it, which is not the case in flavescens; the number of plates

within the fasciole is smaller than in flavescens, specimens of equal size being compared (7 in capense,

ca. 10 in flavescens).

The tubefeet and their spicules do not present any distinct differences from flavescens; to be

sure, I have not seen any such large spicules, as are found in flavescens below the disk, but they are

not always met with in the latter species either, and they may well be found in larger specimens of

Fig. 22. Apical area of Echinocardium capense; the

specimen 25mm in length, s",.

Fig. 23. Apical area of Ecliinocardiitm flavescens ;

the specimen 24™™ in length. 5/1.

capense. — The pedicellarice show partly some differences. The globiferous and ophicephalous pedi-

cellariae (the latter rather numerous on the naked actinal part of the bivial ambulacra) are like those

of flavescens. The rostrate (PI. XVII. Figs. 6, 16) are more slender, the outer, widened part shorter than

in flavescens ; but small ones of the same form as those of flavescens (PI. XVII. Fig. 9) also occur. The

tridentate pedicellarise (PI. XVII. Figs. 5, 35, 39) have the edges of the blade more or less inrolled or

even coalesced in the lower part, the outer part being more spoon-shaped widened; in quite small

specimens the valves are simply leafshaped (PI. XVII. Fig. 13). Some of the larger specimens (PI. XVII.

Pig- 39) recall somewhat the larger rostrate pedicellarise. The largest tridentate pedicellarice seen

were only o -

3
ram

(length of head); doubtless larger ones will occur in larger specimens, and probably

they will prove to differ yet more from those of flavescens. The triphyllous pedicellarise (PI. XVI.

Fig. 12) differ from those of flavescens in being serrate almost all round the edge of the blade, only

the point being smooth; the outline of the blade is also more rounded than in that species.
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The differences pointed ont here: in the shape of the test, the form and size of the internal

fasciole, the peristome, the petals, the pores included by the subanal fasciole, the tuberculation and

the pedieellariae seem to me to leave no doubt that the Cape specimens hitherto referred to Ecli. fla-

vescens make a well characterized species, certainly nearly related to flavescens, but easily distinguished

from this species. The differences in the shape of the test and the form of the peristome, to be sure,

do not appear very clearly from the measurements given below of capense and some equal-sized

specimens of flavescens; these characters also are probably rather variable, but in connection with the

other differences they get some value. The difference in the size of the internal fasciole is very clearly

seen in these measurements. It will be remarked that the measurements of the fasciole in flavescens

are not quite in accordance with those given by Koehler (Echinocard. de la Mediterr. p. 182); this

may be due perhaps to these measurements being taken from the interior borders of the fasciole or

to the specimens from the Mediterranean having upon the whole the internal fasciole somewhat

smaller than the specimens from the northern seas. Nevertheless the measurements given by Koehler

also show the fasciole to be distinctly larger than in capense.

Eckinocardium capense. Echinocardium flavescens.

Length
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Very little has to be added to the careful descriptions of the test of this species given by Bell

and, especially, by Koehler. — The labrum is very short, not reaching beyond the middle of the first

adjoining ambulacral plates (PL II. Fig. 15), a prominent difference from flavesceris, in which species

it reaches the second ambulacral plate. (This feature is well seen in Koehler's Fig. n. PL IV (Op.

cit. Monaco) but not mentioned in the text; the division of the plate I. a. 1 in two small plates, shown

in this figure, is an abnormal case). The subanal fasciole according to Bell (Catalogue, p. 171) iseeras

to include only one pair of plates, which are triangular in form and have a pair of pores at the outer

apex of each triangle . Koehler (Op. cit. PL IV. 10) figures two pairs of pores. Both cases may occur,

but whether there be one or two pairs of pores included, three ambulacral plates reach within the

fasciole, viz. Nr. 6—8; the last of them may reach scarcely beyond the fasciole — in that case only

one pair of pores is developed within the fasciole, or it may reach farther within — then also the

second pair of pores is developed. The periproct has a circle of larger plates all round, not only at

the lower edge as in the other species.

The tube-feet of the anterior ambulacrum within the fasciole are quite rudimentary, only very

few of them or even none at all with a few rosette-plates,
— a rather conspicuous difference from

flavescens and capense, which have these tubefeet well developed. Accordingly the pores of these am-

bulacral plates are very small. The spicules are few and small, irregular rods; often none at all are

found in the tube-feet. The very large spicules below the disk, so characteristic of Ech. cordatum, are

not found here. The subanal tube-feet with the usual clubshaped rods. The rosette-plates, when pre-

sent, like those of flavescens.
— According to Koehler (Op. cit. Monaco, p. 26) the tubercles within

the internal fasciole - diminuent a mesure qu'on se rapproche de la ligne mediane». I find the inverted

case, that they increase in size towards the median line, and the same is seen in Koehler's PL IV.

Fig. 9 and especially in the fig. 15 of Sur les Echinocardium de la Mediterr.:>, so that there is evidently

a lapsus calami here. Otherwise these larger tubercles continue along the anterior ambulacrum, beyond

the fasciole towards the ambitus and gradually pass into the larger tubercles of the actinal side. But

no larger tubercles are found scattered on the antero-lateral interambulacra on the abactinal side — a

very good character by which to distinguish this species from flavcscens. — In two of the specimens

before me the test is distinctly unequally developed, the right side projecting in front of the left.

(PL II. Fig. 15, 17).

The pedicellarise have received some attention, being |)artly very conspicuous. Thus the large,

strongly serrate, tridentate pedicellarise were seen by Norman and have given rise to the name /<7/-

natifidum. Hodge (Op. cit.) figures the valves of three forms of pedicellarise, viz. a large, slender form

of tridentate pedicellarise, a short, coarsely dentate (the rostrate) and a small, simply leafshaped form,

thought to be the «immature form» of the former. Koehler describes and figures (PL VIII. Figs. 40
—

42) three forms of pedicellarise, viz. a large tridentate pedicellaria with strongly serrate edges, a

smaller form, equally strongly serrate (rostrate?) and a third form which must certainly be a globiferous

pedicellaria.
— I have found all these forms and further triphyllous pedicellarise, whereas ophicephalous

pedicellarise have not been met with in any of the specimens seen by me.

The globiferous pedicellarise (PL XVII. Figs. 18, 29) are not very copiously represented; only in

one of the 8 specimens examined have I found a single one on the abactinal side. In Professor
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Koehler's specimens they were evidently more numerous. The valves have a very wide basal part;

the blade is a short, narrow tube, with a small terminal opening surrounded by some short teeth,

5—6 on either side; the point is straightly cut The difference between the globiferous pedicellarise of

this species and Jlavescens is very conspicuous.

The rostrate pedicellarise (PI. XVII. Figs. 20, 28, 32, 44) are very richly developed. The simpler

forms are very like those of Spatangns, recalling somewhat, as pointed out by Koehler, the ophice-

phalous type of the EchinidcB, with which they have, however, nothing to do. The blade is in these

forms simply rounded, the narrowed part being very short, with quite smooth edges (PI. XVII. Figs.

32,44); the edge of the widened part is finely serrate. Other specimens have a larger narrowed part,

the edge generally being provided with one or more very large teeth (PI. XVII. Figs. 20, 28). The

larger of these forms are like the tridentate pedicellarise, only shorter — indeed, it is impossible in

this case to draw a definite distinction between rostrate and tridentate pedicellarise. The larger ones

of these pedicellarise are ca. imm (length of head); they have a well developed neck, and the stalk, as

usual in Echinocardium, consists of long, very loosely connected fibres. They occur both on the actinal

aud abactinal side. — Also small specimens are found, which are more like the usual type of rostrate

pedicellarise.

The tridentate pedicellarise occur in two very distinct forms, viz. a large form (up to 2-5
mm

length

of head) with strongly serrate edges (PL XVII. Figs. 1, 7,7,),
and a more slender form with narrow, leaf-

shaped valves, joining in most of their length; in the part where the valves join, the edges are verv

finely serrate, in the lower part the serrations are coarser (PI. XVII. Figs. 25, 26, 42); in some specimens

the valves are more slender aud the serrations of the lower part larger (PL XVII. Fig. 24); this form

evidently corresponds to the PL VIII. 40 of Koehler. Otherwise all transitional forms are found be-

tween these two forms. The basal part is very narrow. Fourvalved specimens occur. This form, which

has already beeu figured by Hodge (Op. cit.) does not reach the size of the first form, it scarcely

exceeds r^
mm

length of head. — The triphyllous pedicellarise (PL XVI. Fig. 18) are rather elongate,

with the whole edge, except the very point, finely serrate; the serrations increase a little towards the

point of the blade.

On the younger stages of this species I cannot give much information, having seen besides

larger specimens only a specimen of 9
mm

length and one of i8mm length. In the latter the genital

pores have appeared, not in the former. The petals are distinct already in the specimen of 9
mm

,
viz.

4 double pores in the anterior, 10 in the posterior series of the anterior petals, 9 in both series of

the posterior petals. In the specimen of i8mra the anterior series in the anterior petals is less developed,

having only one or two small double pores.

This species is known from the British Seas, from the Faeroe Islands to the Bay of Biscay.

From the Danish Seas it was hitherto unknown, but recently Dr. A. C. J oh an sen has taken a

specimen (the above mentioned small one of 9
ram

)
in 35 M. off Thyboron (:Thor». IV. 1905). Evidently

the species is rare in our seas, otherwise it would scarcely have been overlooked. — By the Ingolf»

it was not taken, but I have myself dredged some specimens at the Faroe Islands in ca. 80— 150

fathoms. (16 Miles \V. of Xolso, and 13 Miles W. of «Munken», a small rock at the South end of
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Sudero). The bathymetrical distribution of the species is, as far as hitherto known, from shallow water

to ca. 150 fathoms.

Ech. pennatifidum is further stated to occur in the Mediterranean and at the American Coasts of

the Atlantic (Florida and West-Indies). The presence of the species in the Mediterranean at Tamaris-

sur-Mer 1 was announced by Professor Koehler, who has done me the very great service to send

me one of these specimens. A close examination thereof, however, shows that this specimen differs in

several respects considerably from pennatifidum.
— The labrum reaches to the second adjoining ambu-

lacral plates as in flwvescens, whereas in pennatifidum it ends off the middle, or (in the largest speci-

men examined) even at the anterior end of the first ambulacral plate. Four ambulacral plates reach

within the subanal fasciole, which accordingly includes three pairs of pores; in pennatifidum three

plates reach within the fasciole, with two or only one pair of pores. The periproct is like that of

flwvescens, very different from that of pennatifidum. The anal opening is rather eccentric, lying near

the upper edge, surrounded by small, irregular plates. The lower part of the anal area is bordered by

a series of large, regular plates, which diminish in size towards the upper edge; they are closely

covered by a fine granulation. The anal fasciole is in direct connection with the subanal fasciole,

whereas in pennatifidum it is separated from the latter by a rather broad band of coarser tubercles,

as is well seen in Koehler's Fig. 10. PI. IV (Monaco); in young specimens this is, however, not the

case, the granulation of the two fascioles uniting in the median line.

The number of pores in the petals differs considerably from what is found in pennatifidum of

a corresponding size. I give here the measurements of the test and the number of pores in the petals

of this specimen, and, for comparison, of specimens of pennatifidum and fiavesccus of a correspon-

ding size.
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flavescens. — The tubefeet of the odd anterior ambulacrum seem to be very well developed. The pedi-

eellarise differ very essentially from those of pennatifidum; they are, indeed, quite like those of flave-

scens, only the rostrate pedicellarise are a little more slender than in that species (PI. XVII. Figs.

36, 46), and I find here the form of tridentate pedicellariae figured by Koehler (Sur les Echinocard.

de la Mediterr. PI. 4. 13) as characteristic of flavescens, a form which I have, otherwise, not found in

that species (PI. XVII. Fig. 14, comp. above p. 135). Ophicephalous pedicellarise were not found. — The

spicules do not present peculiar features; I do not find any large spicules just below the disk.

From what is here pointed out I think it is proved beyond doubt that this specimen is not

pciuiatifldum, and the presence of that species in the Mediterranean thus remains problematic, no

other instances of its occurring there being recorded, as far as I know.

From the Zoological Station at Naples I have received under the name of Ech. mediterranean

two (smaller) specimens, which evidently belong to the same species as the above described specimen

from Tamaris. In one of them the labrum does not reach beyond the first adjoining ambulacral plates,

in both of them only two pairs of pores are enclosed by the subanal fasciole. Otherwise they agree with

the specimen from Tamaris. In the larger of them (34
mm in length) one large tubefoot of the anterior

petals (posterior series) is developed within the fasciole, in the smaller specimen (32
mm in length) no

such larger tubefeet are as yet developed within the internal fasciole. — There is a faint violet tint

seen on the abactiual spines.

After all I think it must be admitted that this form must be regarded as a separate species,

which I propose to name Echinocardium intermedium n. sp.
1 It is nearly related to Ech. flavescens,,

and, especially, Ech. capense, whereas it is not more nearly related to Ech. pennatifidum or mediterraneum,

to which two species the specimens known to me have wrongly been referred. It differs from flavescens

mainly in having no larger tubercles on the lateral and posterior interambulacra on the abactinal

side, and those of the anterior interambulacra are much smaller than in flavescens. Further the

rostrate and large tridentate pedicellarise differ not inconsiderably from those of flavescens. For the

larger specimens it may perhaps prove a constant feature that the large tubefeet of the anterior petals,

posterior series, continue within the fasciole, which is not the case even in the largest specimens of

flavescens. If other constant characters are to be found distinguishing it from flavescens cannot be stated

from the present scarce material. From Ech. capense it is distinguished mainly by its much larger

internal fasciole, and the shape of the test which is much more like flavescens, without the almost

saddlelike depression of the apex, so characteristic of capense. Regarding the pedicellarise it is to be

remarked that their triphyllous pedicellariae differ rather considerably, being as in flavescens in the

Mediterranean species, with only a few serrations at the lower end of the edge of the blade, whereas

in capense they are serrate almost along the whole edge of the blade. Ophicephaious pedicellari&e are

known only from capense, while globiferous and large tridentate pedicellariae are not known from

this latter species. A comparison of the number of pores in the petals cannot be made, as only small

specimens of capense have been examined, and only larger specimens of intermedium.

1
Possibly it will prove identical with the A. roseus Forbes; in that case this name will, of course, have to be re-

tained and the name intermedium will be dropped as a synonym thereof. For the present it is, however, necessary to give

the species a new name, since it is still uncertain which species is really the A. roseus Forbes.
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To this species evidently belongs the specimen figured by Koehler (Sur les Echinocardium

de la Mediterranee. PL 4. 10) as well as that figured by Gasco (Op. cit), and it may perhaps be allowed

to suggest that in several other instances the two species flavescens and intermedium have been con-

founded. The existence of flavcsccns in the Mediterranean is proved by Figs. 4 and 5 of the paper

quoted by Koehler which are certainly true flavcsccns and have been made after specimens from the

Mediterranean, as expressly stated by Professor Koehler in a letter to me.

The American specimens referred to Ech. pennatifidum will probably be found not to belong

to that species either. From the description in the < Rev. of Echini p. 351 it appears that the Ameri-

can form differs from pennatifidum in several regards. The periproct' is said to be somewhat pear-

shaped; in pennatifidum it is more or less transversely elongate. The internal fasciole is «very elong-

ated, elliptical, including an extremely narrow space*; in pennatifidum it is more angular, as is very

well seen in Koehler's Fig. 9. PI. IV. (Monaco). The ajsex is anterior, and placed at a distance of

about one fourth the longitudinal diameter of the test from the anterior extremity, thus differing

strikingly from either E. flavescens or E. cordatum, in which the junction of the ambulacra is either

almost central or eccentric posteriorly ;
in pennatifidum the apical system is, however, not anterior

but central or even a little eccentric posteriorly. «The posterior ambulacra are much shorter than in

E. flavescens». To illustrate this feature I give here some measurements; they show clearly that the

posterior petals (which is evidently the meaning) are distinctly longer in pennatifidum than in flavesc-

ensy the reverse case to what is found is Agassiz' specimens.

Ech. pennatifidum. Ech. flavescens.

Length of

test
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32. Echinocardium cordatum (Penn.).

PL XVI. Fig. 21. PL XVII. Figs. 15, 21-23. 30, 34, 37-3S, 43, 4S-49-

Principal Synonyms : Spatangus arcuarius Lmk.

Echinocardium Sebtz Gray.

Amphidetus cordatus Forbes, etc.

Kurtzzi Gir.

Principal literature: Pennant: British Zoology. 1777. IV. p. 69. PI. XXXIV. Fig. 75.
— Leske:

Additamenta ad Kleinii Nat Disp. Echinod. p. 230. Tab. XXIV. c. d. e. Tab. XXXVIII. 5.
— Abildgaard:

Zoologia Danica. III. p. 17. Tab. XCI. (Spat. flavescens-> -- non Mull.)
— Lamarck: Animanx sans

vertebres. 1816. III. p. 32.
-- Forbes: British Starfishes, p. 190.

— Diiben & Koren: Skandin. Echi-

nodermer. p. 285.
— Agassiz & Desor: Catalogue raisonne. p. 117. PI. XVI. 8. — Gray: Catalogue

of recent Echinida. p. 43.
— Joh. Mtiller: Ban d. Echinodermen. p. 29. Taf. III. Fig. 3—5. — Desor:

Synopsis des Echinides fossiles. p. 407. PI. XLIIL Fig. 4—5. — Sars: Norges Ech. p. 97.
— Agassiz:

Revision of Echini, p. 109, 349. PL XIX. 10—17, xx - 5—7. XXV. 27—28. — Loven: Etudes s. 1. Echi-

noidees. PL I. 2-7, III. 38, XII. 107, XXXIX. 222—226. On Pourtalesia. PL VIII. 57— 58, XI. 120— 126,

XII. 148.
— Koehler: Rech. s. les Echinides d. cotes de Provence, p. 130.

—
(230) p. 473.

— Bell: Cat.

Brit. Echinoderms. p. 169. PL XVI. 1—4. — Hoyle: Revised List Brit. Echinoidea. p. 427.
— Grieg:

Nordlige Norges Echinodermer. p. 33.
-- Doderlein: Arktische Seeigel. Fauna arctica. IV p. 384.

—
Stanley W. Kemp: Echinoderms of Ballyuakill Ann. Rep. Fish. Ireland. 1902

—
3. PL II. App. VI.

(1905) p. 182.

For other literary references I may refer to the <: Revision of Echini » and to Professor Bell's

Catalogue.

This species has been so often described and is so well known that I find very little to re-

mark except on the pedicellariae and the postlarval development. — Regarding structural features of

the test it may be noticed that the labrum reaches the second adjoining ambulacral plates, viz. a

narrow forward prolongation of the latter. Three or four ambulacral plates reach within the subanal

fasciole, two or three pairs of pores being included
(

— in the specimens from the Danish Seas there

are, almost without any exception, only two pairs of pores included — ). The periproct varies greatly

in shape (Figs. 24. a— c); generally it is transverse-oval, but it may also be found more or less elongate,

sometimes (in specimens from Roscoff) even very elongate and narrow, like that of Ech. mediterra-

neum. It may also be pointed out that in the anterior interambulacra there are several larger tubercles

scattered on the 2—3 vertical plates just beyond the ambitus ; also in the lateral interambulacra there

are a few larger tubercles on a pair of the plates just above the ambitus, but only in the anterior

series, at the edge of the ambulacrum. This feature, which is distinct already in specimens of ca. i^
mm

length, is one more good distinguishing character from mediterraneum, in which species such larger

tubercles are not found beyond the ambitus.

The spicules, especially those very peculiar large ones below the disk of the tube-feet have

been carefully described and figured by Loven; I have nothing to add. — The pedicellariae, on the

other hand, need a more close examination, a tridentate pedicellaria alone having been figured by
The In^olf-Fxpedition. IV. 2. jq
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Agassiz (Rev. of Ech. PI. XXV. 27
—

28). Globiferous, rostrate, tridentate and triphyllous pedicellarise

have been found; ophicephalons ones do not seem to occnr.

The globiferous pedicellarise (PI. XVII. Figs. 37, 49) are very conspicuous, with a thick, brownish

head; the valves are very short, with a very large basal part and a short, tubeshaped blade, which

has 5—6 teeth along each side of the elongate terminal opening and often an outer median one. The

stalk has a whorl of free projecting rods at its lower end; the upper end is attenuated. These pedi-

cellarise I have found only on the actinal side, and only in specimens from the Mediterranean, never

in any specimen from the northern seas. In some specimens from Tamaris (Var), which Professor

Koehler has most kindly lent me for examination I find them thus represented: in one specimen

(the largest) they are very numerous and well developed; in four specimens there are very few of

them, at the mouth or on the anal area, and they are small, the basal part being not very large and

the whorl on the stalk little developed; in two specimens I find no globiferous pedicellarise at all —

Fig. 24, a— c. Anal and subanal region of Echinocardium cordatum: a speci-

men from Skagerrak; 5 from Roscoff; c from Naples.

in these latter specimens, on the other hand, the tridentate pedicellarise seem comparatively more

richly developed than usually.

The rostrate pedicellarise (PI. XVII. Figs. 15, 21, 38) are rather like those of flavescens, only

still more like tridentate pedicellarise; the blade generally is somewhat pointed, and may have a pro-

minent tooth in the point. In some specimens from the Mediterranean I find such with the blade

much narrower (PI. XVII. Fig. 34), recalling very much those of Spatangns. — The tridentate pedi-

cellarise (PL XVII. Figs. 22, 23, 30, 43, 48) have leafshaped valves, in the smaller ones joining with their

whole edge; in the larger forms the blade is more or less narrowed in the lower part, the edge being

irregularly serrate; there is generally some meshwork in the bottom of the blade in these larger pedi-

cellarise. In the specimens from Tamaris I find the tridentate pedicellarise unusually broad (PI. XVII'

Fig. 30). The largest ones seen were ca. i"5
mm

, length of head. -- The triphyllous pedicellarise (PI. XVI.

Pig. 21) are very peculiar; in the outer part there is a series of broad teeth inside along the edge; the

serrations pass a little way up together with these teeth. In about the outer half of the blade the edge

is smooth. — Ophicephalons pedicellarise unknown.

This species, which was not taken by the Ingolf ,
is very common in the Danish Seas, and

along the Atlantic coasts of Europe, from Northern Norway to the Mediterranean. It is not known

from the Faroe-Islands or Iceland. From the American side of the Atlantic it is recorded from
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North Carolina to Bahia. The bathymetrical distribution is rather small, from shallow water to 85

fathoms.

The specimens from the Kattegat are rather small, evidently the species reaches a more con-

siderable size at the Atlantic Coasts. Forbes (Op. cit.) thus mentions a specimen of 3 inches diameter,

and from the Biological Laboratory of Roscoff I have received specimens of a little over 6omm length.

The specimens from the Mediterranean differ from the northern specimens in the peculiar

feature that they alone appear to have globiferous pedicellarias, and even sometimes very richly de-

veloped. Further they have four ambulacral plates reaching within the subanal fasciole, whereas gene-

rally only three reach within the fasciole in the northern specimens. Otherwise I cannot see any reli-

able differences, so that I must regard them as belonging to the same species; at most the Mediter-

ranean form can be made a separate variety of Ech. cordatum.

The American specimens were originally described as a distinct species, Ampkidetus Kurtzii

Girard, 1 which was later on by Agassiz («Revis. of Echini >) made a synonym of Ech. cordatum

After a careful comparison of a single specimen from the Coast of North Carolina with equal-sized

European specimens of cordatum, I must fully join Professor Agassiz in regarding the American form

as identical with the European Ech. cordatum. In all the more important structural features of the

test they are in complete accordance (in the specimen before me there are 2 pairs of pores within

the subanal fasciole, but the ninth ambulacral plate also reaches within the fasciole, so that specimens

with three pairs of pores within the fasciole will probably be met with). Regarding the shape of the

test the specimen in hand is a little broader than is generally the case in the European specimens,

and also the front end is perhaps a little more perpendicular; but it is, of course, impossible to judge

of the real value of these apparently trifling differences from a single specimen alone. It may be

remarked that the very few pedicellariae seen, viz. triphyllous, tridentate and rostrate (but no globi-

ferous) are also in accordance with those of the European specimens.

Agassiz («Revision of Echini >. p. 350. PL. XIX. 10— 15) describes and figures young stages of

this species of 6-3
—yg

mm
length. From the Kattegat I have specimens of all sizes from such as are

just metamorphosed and only o -

5
mm

long.
2 Also the larva I have described from here 3; it occurs

in great numbers, making an essential portion of the Plankton in the months of June—July. No other

species of Echinocardium occurring in the inner parts of the Kattegat, the identification of the young

specimens is beyond doubt. I am thus able to give a rather full account of the postlarval development

of this species, wdiich may prove of some interest. Also the comparison with the development of Bris-

aster fragilis, described above p. in— 114, PI. XIII, is certainly not without interest.

The youngest stages I find to agree very closely with those of Ech. flavescens figured by

Loven (On Pourtalesia. PI. XV). The development of the apical system follows much the same course

1 Account of a new species of Spatangidae from the Atlantic Coast of the United States. Proc. Boston Soc Nat
Hist. 1S52. Vol. IV. p. 213.

2 From 'Thor> St. 112. 1905 (56 33' Lat. N. i° 47' Long. E. 89 M.) there are immense numbers of quite young
Echinocardium. which quite agree with those of Ech. cordatum from the Kattegat. I do not, however, venture to decide,

whether they belong to Ech. cordatum or flavescens, both of these species occurring there. In none of them have pedicel-

larise appeared as yet.

3 Die Echinodermenlarven der Plankton-Expedition. Ergebn. d. Plankton-Exp. d. Humboldt-Stiftung. Bd. II. J. 1898.

p. 102. Taf. IX. 5
— 11.

19*
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as mflavescei/s, where it has been worked out so very accurately by L,oven; it is, however, to be uoticed

that the two left genital plates and the right posterior one are generally distinctly separated from

the left anterior (with the madreporite). The genital pores I have not found in specimens smaller than

14™ length (in flavescens Loveu has found them already at a size of icr5
mm

.)
— The labrum only

reaches a little over the middle of the 1. adjoining ambulacral plates in specimens up to ca. i^"™

length. In a specimen of 2mm length it reaches the 2. ambulacral plate 011 the right side, and from a

size of ca. 3
mm

it reaches the 2. ambulacral plate on both sides as in the grown specimens. The regular

pentagonal form of the peristome begins to alter at a size of ca. 3
mm

;
in specimens of 4

mm
length the

labrum is rather prominent, reaching the edge of the mouth-opening. The definitive form of the peri-

stome is found in specimens of ca. iomm length.
— The front ambulacrum is distinctly sunken already

in specimens of 2—3
mm

length; in yet smaller specimens the outline of the front end is almost straight,

like what is seen in the figures 172 and 173 of Loven. The tube-feet of the anterior ambulacrum

appear very early, as found by Loven in flavescens, but they are in no way especially large in the

young specimens, which fact is not in accordance with the view of Agassiz that very large suckers

are an embryonic feature (comp. above p. 96 sub Aeropsis rostrata). The large spicules of the frontal

tubefeet are distinct already in specimens of 3""" length. The paired petals, as usual, are considerably

later in their development than the anterior ambulacrum. Single pores begin to appear in the poste-

rior series of the anterior petals at a size of ca. 2'5
mm

; at ca. 3
mm

they begin to appear in the posterior

petals, both series, and a little later (at ca. 4
mm

length) they begin to appear in the anterior series of

the anterior petals, the pores of the posterior series at the same time beginning to elongate trans-

versely. At a size of scarcely 5
mm I find the pores (6

—
7 in number) of the posterior series of the ante-

rior petals double, this condition of the pores evidently being reached through the formation of a trans-

verse ridge over the elongated single primary pore. At a size of ca. 5
-

5
mm the petals are fully formed,

only the number of the double pores being smaller than in the grown specimens, viz. in the anterior

petals 3
—4 in the anterior, 7

—8 in the posterior series, and in the posterior petals 6 in the anterior,

7 in the posterior series.

The fascioles make their appearance very early. At a size of only 07— cr8mm the subanal fasc-

iole is distinct, consisting to begin with of only a single circle of clavulae. The spines within the

fasciole are comparatively long, as long as the test, pointing directly backwards, which gives to these

small specimens a characteristic appearance. The anal branches from the subanal fasciole appear at

a size of ca. 2"5
mm

. The inner fasciole is later in its appearance than the subanal fasciole, not begin-

ning to form until the animal has reached a size of ca. i"5
mm

. It likewise consists at first only of a

single circle of clavulse. — The development of the subanal area also affords some features of interest.

In quite small specimens only the 6th ambulacral plate of the series I. a. and V. b. reaches within the

fasciole; at a size of ca. 2
-

5
m,n the 7th plate begins to expand towards the fasciole and by and by it

reaches within. From a size of ca. 8mm the 8th plate begins to expand in the same manner. Only at

a size of 14
—15™™ does the first pair of pores appear within the fasciole; the second pair (in the 8th

plates) I have not found developed at a smaller size than i8mm .

Pedicellarise do not appear till rather late, at a size of ca. 2"™, the triphyllous being the first

to appear; they show the structure so characteristic for the species already from their first appearance.
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The sphseridiae, on the contrary, are very early developed, viz, the first 5 of them. Already in the

youngest specimens of only 0-5""", where remnants of the larval skeleton are still quite distinct within

the abactinal skeleton, they have appeared.

In the smallest specimens, of only o'5
mm

,
there are already bottom-particles in the intestine,

which shows that they begin the diet of the grown specimens as soon as their pelagic life has

come to end.

Very nearly related to Ech. cordatum is Ech. australe Gray, so nearly, indeed, that it may be

doubted, whether they are not identical. Agassiz, though recognizing its close affinity to Ech. cor-

datum. (« Revision of Echini >
p. 580) states that specimens of this species are readily distinguished

from the Atlantic E. cordatum Seen in profile the test rises somewhat more gradually from the

anterior extremity towards the apical system; the abactinal pole is more central, and the anal system

is elliptical, slightly transverse, instead of being longitudinal, as in E. cordatum. The bare abac-

tinal posterior ambulacral areas extend to the ambitus, remaining of the same width, instead of be-

coming narrow as in E. cordatum; the pores of the poriferous zones are more distant than in E. cor-

datum .
— In the Challenger -Echinoidea (p. 174) these characters are stated to be quite constant in

the specimens examined, but Professor Agassiz adds that they «seem very slight ground for main-

taining the specific distinctness of the Pacific and the Atlantic representatives of the genus, and I

should expect that additional material will prove this species to be identical with the European species*.

— This suggestion is probably quite correct. I have examined several specimens from Australia, Japan

and (one) from the Cape, and I find them to agree with cordatum in all essential features : the labrum,

the number of pores included within the subanal fasciole, the shape of the anal area (as shown above

it is of rather variable form in cordatum, so that no reliable difference is to be found herein), the form

and size of the petals as well as the number of their pores (

— the difference in the posterior petals

said to exist by Agassiz I am quite unable to see —
), the arrangement of the pores of the odd

anterior ambulacrum in double series, the position of the apical system (

— I do not find it more cen-

tral in australe than in cordatum —
), the larger tubercles in the anterior interambulacra — in short, I

find them to agree completely in all essential features, so that they are, indeed, contrary to the origi-

nal statement of Agassiz, extremely difficult to distinguish. To be sure, I find the Ech. australe

somewhat lower at the anterior end, thus rising ssomewhat more gradually from the anterior extremity

towards the apical system*, and perhaps also the pores of the anterior ambulacrum do not become

arranged in double series so early as in cordatum. 1

These, however, are so inconsiderable differences

that I doubt, whether it would be possible to distinguish with certainty tests of the two species*, if

they were put together and the localities of the specimens not marked. In the pedicellarise I do not

find any reliable differences — but it is to be remarked that I have not found any globiferous pedi-

cellarife in australe; upon the whole pedicellarige seem to be very scarce in this form. Regarding the

spicules I find the large rods below the terminal disk to be generally somewhat smaller than in cor-

datum ; on the other hand the spicules of the frontal tubefeet are generally somewhat larger and

1 Hutton Catalogue of the Echinodermata of New Zealand. 1872. p. 14) says of Amphidelus sealandicus (= Eck.

australe) that it has four genital pores on each side; this is, of course, a mistake, caused by the ocular pores having been

taken to be genital pores.
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more numerous than in cordatum. It may be remarked that australe reaches the same considerable

size as cordatum. A specimen of 74
mm

length, from Victoria, is in the Museum of Copenhagen.
— After

all, the conclusion seems inevitable that Ech. australe is really synonymous with Ech. cordatum. which

species thus has an almost cosmopolitan distribution; only along the Pacific Coast of America it does

not seem to occur.

In the ,Challenger»-Echinoidea (p. 174) Ech. australe is recorded from a depth of no less than

2675 fathoms (St. 234), which seems, indeed, very curious, the species being otherwise a littoral form

of rather small bathymetrical distribution. I have examined the specimens from this station in the

British Museum, and I must agree that they really seem to be identical with the littoral specimens.

Perhaps the actinostome is a little more central than in the littoral specimens, but otherwise they

seem to agree in all essential points. That the pores of the odd ambulacrum are as yet only placed

in a single series does not give any distinguishing character, since the same is the case in cordatum

and australe of a similar size (the largest of the deep-sea specimens is only i5'
nm with the genital pores

just about to appear). Of pedicellarise only a small tridentate and some triphyllous were found; they

aoree with australe. and the same is the case with tubefeet and spicules. Since, however, only small

specimens are represented, I think it safer to regard it as not beyond doubt that these deep-sea spe-

cimens are reallv the same species as the littoral australe. And upon the whole it might well be

thought possible that by a very careful examination of a large material of this form from the different

localities in the Atlantic and the Iudo-Pacific, characters might be found by which it might be divided

into different recognisable species. In that case this group might well be regarded as a distinct genus,

characterized by its deep anterior ambulacrum, with the pores arranged in double series. Also the

peculiar triphyllous pedicellarise would then form one of the generic characters. For the present, how-

ever, it seems that this group forms really only one species
— the only littoral species of Echinoidea

hitherto known with such extensive, almost cosmopolitan distribution. (The Diadcma saxatdc and

Echinus norvegicus hitherto regarded as almost cosmopolitan are really not so widely distributed, as I

have shown) 1
.

A few remarks may here also be given of the last of the Ech/uocard/um-sipecies hitherto known,

the Ech. mediterranean Forbes. A very careful description has been given of this species by Koehler

(Sur les Echinocardium de la Mediterr. p. 175. PL 4. 1— 4, 14), but a few points of some importance

may still be added. The labrum reaches the second adjoining ambulacral plates, which send a narrow

forward prolongation to meet its corners. Three pairs of plates (one or two pairs of pores) are included

by the subanal fasciole. The pores of the odd anterior ambulacrum are small and distant; the plates

included by the internal fasciole are very narrow. The fasciole goes rather far behind the apical system,

passing over the 5—6th plates of the odd interambulacrum in a specimen of 28mm length. These iuter-

ambulacral plates within the fasciole are very narrow, especially those traversed by the fasciole, and there

is a rather abrupt widening of the plates just outside the fasciole (Fig. 25). It may also be expressly

stated that no larger tubercles are found above the ambitus in the anterior iuterambulacra. A curious

feature, which I have not seen in any of the other species of this genus, is that the clavulre end in

two small lobes of skin, the point otherwise being almost not widened (PL XVII. Fig. 51). The pedi-

1
Iiigolf-Echinoide.i. Part I. Siam-Echinoidea. Part I.
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cellariae were hitherto very insufficiently known; a few figures are given in Revision of Echini

Pl.XXV.29—30 aud PI- XXVI. 19, and Koehler (Op. cit. PL 4. 14) gives a figure of one kind of pedi-

cellaria;. I have found globiferous, rostrate, tridentate and triphvllous pedicellaria;, but no ophicephalous.
The globiferous pedieellariae (PI. XVII. Figs. 12, 47) are rather like those of cordatum, only the blade

is generally more elongate (though not always so elon-

gate as in the figured valve), and the basal part is nar-

rower. 3
—

4 teeth are found on either side of the term-

inal opening, and there may be one in the middle of

the outer edge; the terminal opening may sometimes

be quite covered by the teeth. As is usual the valves

are covered by a thick skin (PI. XVII. Fig. 47); the stalk

is rather thick aud compact, knotted, with a distinct

thickening above and below, the latter without free

projecting rods. — The Fig. 19. PI. XXVI of Revision

of Echini
>,

in the explanation of plates termed an open-

headed actinal» pedicellaria , evidently represents the

valve of a globiferous pedicellaria.
— The rostrate pedi-

cellaria; are rather large aud very characteristic (PI. XVII.

Figs. 3, 52); the valves are coarsely dentate along the

side edges, the point, which is more or less rounded,

finely serrate. They reach a rather considerable size, Fig. 25. Apical area of Echinocardium mediterranean

ca. 1— i-2
inm

length of head. The Fig. 29, PI. XXV of

Rev. of Ech. ( long-headed > pedicellaria), as well as the PI. 4. Fig. 14 (pedicellaire gemmiforme) of

Koehler (Op. cit.
) evidently represent this form. Anything nearly resembling the PL XXV. Fig. 30 of

Rev. of Ech. I have not seen.

The tridentate pedicellaria; occur in two, not very sharply distinguishable forms; the one

(PI. XVII. Fig. 2) has slender, leafshaped valves, the larger ones joining only in the outer half; the

lower part is more or less coarsely serrate, the basal part rather narrow. The other form (PL XVII.

Fig. 19) has short valves, generally a little inrolled in the lower part, and sometimes ending in a dis-

tinct tooth. This form to some extent recalls the form, wdiich I have termed rostrate pedicellaria in

Ech. flavescens — and it is, indeed, rather difficult to determine with certainty to which kind it ought

really to be reckoned, the rostrate pedicellaria; being, as repeatedly pointed out, essentially a special

form of tridentate pedicellaria;.
- - The triphvllous pedicellarise (PL XVI. Fig. 16) are rather like those

of cordatum, with similar teeth inside along the edge of the blade. — Spicules seem to be almost

wholly wanting in the tubefeet, and no large spicules are found below the disk of the frontal tubefeet

which are otherwise well developed and like those of cordatum.

After the revision of the species of Echinocardium given here it will perhaps not be found

useless to give an analytical table of all the species hitherto recognized with certainty.
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Analytical table of the Echinocardium species.

i. Anterior ambulacrum deepened 2.

— not deepened, flush with the test 3.

2. The furrow continuing to the apical system ;
the pores within the internal

fasciole in close, double series. Larger tubercles are found scattered on the
1 cordatum.

anterior interambulacra above the ambitus
\ (australe).

The furrow ending abruptly at the anterior end of the internal fasciole
;

the pores within this fasciole distant and in single series. No larger tubercles

above the ambitus mcditcrraneum.

3.
No larger primary tubercles in the interambulacra above the ambitus; the

labrum very short, not reaching beyond the middle of the first adjoining

ambulacral plates fennatifidum.

Larger primary tubercles are found at least in the anterior interambulacra

above the ambitus; the labrum generally reaching the second adjoining

ambulacral plates 4.

4. Very prominent primary tubercles in all the interambulacra above the am-

bitus flavesccns.

The primary tubercles above the ambitus little prominent, and occurring

only in the anterior interambulacra 5.

5. Internal fasciole very small; a distinct saddle-shaped depression in the apical

region capensc.

Internal fasciole large; no saddle-shaped depression in the apical region - . . intermedium.

^. Brissopsis lyrifera (Forbes).

PI. III. Figs. 2—3, 7, 11— 12, iS, 20—23. pl - Iv - Figs - 2—3. 9. H— 1 7- pl - XVIII. Figs. 1, 6, 12, iS, 25—26. PI. XIX. Figs. 3, 6, 10,

15, iS— 21, 29, 34.

Synonyms : Schizaster incerlus Aradas.

Brissits pulvinatus Phil.

Brissopsis parma Val.

Principal literature: Forbes: British Starfishes. 1841. p. 187.
— Diiben & Koren: Skandinav.

Echinodermer. p. 280. Tab. X. 46.
— Philippi: Beschreibung einiger neuen Echinod. Arch. f. Naturg-

1845. P- 347-
- ~ L. Agassiz & Desor: Catalogue raisonne. p. 121. PI. XVI. 12. — Sars: Norges Echi-

nodermer. p. 96.
-- A. Agassiz: Revision of Echini, p. 95, 354. PI. XIX. Figs. 1— 8 (11011 Fig. 9),

XXI.

Figs. 1— 2, XXXVIII. 36
—

38.
-- Perrier: Recherch. s. les pedicell. p. 173. PI. VII. 9.

— Loven: Etudes

s. les Echinoidees. PI. I. 1, II. 27
—

31, III. 32, XII. 100— 101, XXXVII. 213—18. On Pourtalesia. PI. VIII.

66, IX, XIX. 223
—

31.
— Wyv. Thomson: Porcupine -Echinoidea. p. 750.

— A. Agassiz: < Chal-

lenger -Echiiioidea. p. 189.
— Koehler: Recherches s. les Echinoidees des cotes de Provence, p. 135.

Meissner & Collin: Beitr. z. Fauna d. siidost. u. ostl. Nordsee. II. Echiuodermen. p. 334. (Figure.)

- Ludwig: Echiuodermen d. Mittelmeeres. p. 562.
— Bell: Catalogue Brit. Echinodernis. p. 172.

—
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Ho vie: Revised List Brit. Eehinoidea. p. 422.
— Bell: Echinoidea of South Africa, p. 175.

— Grieg:

Nordlige Norges Echinodermer. p. 34.
— Doderlein: Arktische Seeigel. Fauna Arctica. IV. p. 384.

Echinoiden d. deutschen Tiefsee-Exped. p. 256. Taf. XXXIV. 4— 8. XLIX. 1— 2.

Non: A. Agassiz: Preliminary Rep. Echini &: Starfishes dredged in deep water between Cuba

and the Florida Reef by L. F. de Pourtales. I. Catalogue of the Echini, p. 275, 294. Bull. Mus. Comp.

Zool. 1869. Blake -Echinoidea. p. 69. PI. XXVI. 7— 18. — Verrill (418). p. 139.

Other less important literary references are found in Revision of Echini », Ludwig: Echino-

dermen d. Mittelmeeres and Bell's Catalogue.

As appears from the numerous literary references this species has been mentioned and figured

very often. Nevertheless, something still remains to be done. - - Regarding the structure of the test

I may only point out that the hinder prolongation of the labrum is narrow and reaches only to the

middle of the first adjoining ambulacral plates. (In one specimen, however, I have found it to reach

the second ambulacral plates, and in a few specimens to the second ambulacral plate on one side only).

The first plate which reaches within the subanal fasciole is, as is usually the case among the Prymno-

desmic Spatangoids, the 6th, and only three pairs of pores are found inside the fasciole. These features

are of importance for the comparison with the species described below.

The pedicellarise were first mentioned by Koehler (Op. tit), who finds three kinds of them,

which do not, however, present -aucun caractere saillaut, qui permette d'en faire une description

speciale (Op. tit).
I cannot agree with Koehler herein; on the contrary I find the pedicellarise of

the Brissofisis-species, especially the globiferous ones, very characteristic and of great importance for

distinguishing the different species. Quite recently Professor Doderlein (Echinoiden d. deutschen

Tiefsee-Exped.) has described and figured the pedicellarise of the form of Br. lyrifcra which occurs at

the Cape of Good Hope. Though his figures are, most of them at least, very good, I think it will

not be found to be superfluous, when I give some figures of the pedicellarise of this species also -

—
partly because the Cape-specimens of Br. lyrifcra ought, in my opinion, at least to be regarded as

a distinct variety, and partly because these figures are wanted for the comparison with those of the

new species here separated from lyrifcra. Several details will also be found more clearly represented

than in the photographic figures given by Doderlein. — For the rest both descriptions and figures

were prepared a long time before Doderlein 's work had appeared.
— I have found the same four

kinds of pedicellarise as found by Doderlein, ophicephalous pedicellarise not having been found by

either of us.

The globiferous pedicellarise (PI. XVII I. Figs. 1, 6, 25, 26) are rather conspicuous. The thick skin

that invests the valves is probably of a glandular nature; in the living animal it is of a vivid yellow

colour. The blade is a narrow tube with a small opening at the point, bordered by two long teeth.

The basal part is rather wide, somewhat variable in form. At the lower end of the stalk there is a

whorl of rather long, projecting thorns, but apparently never on more than half the circumference of

the stalk. Not always a distinct thickening at the upper end of the stalk. This kind of pedicellarise

I have found on almost all the specimens examined from the Mediterranean; on those from the

Danish Seas it is not so common. They are generally found on the abactinal side between the fasciole

The Ingolf-Expedition. IV. 2. 2°
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and the periproct, sometimes at the periproct and in the hinder lateral ambulacra at the sides of the

anal area; only once have I seen them in the anterior ambulacrum near the mouth. They seldom

occur in great numbers; 4-valved specimens may occur. Also in young specimens this kind of pedi-

cellarise may occur, I have found them in a specimen of nmm
length.

— What Koehler calls pedi-

cellaires gemmiformes» are evidently not the globiferous but the rostrate pedicellarise, the expression

«la tige calcaire de la hampe est pen eloignee de la tete not being in accordance with the globi-

ferous pedicellarise.

The rostrate pedicellarise (PL XIX. Figs. 6, 15, 18, 20, 21,34) occur in very different sizes (up to

o-gmm length of head). The valves are wide apart, joining only with the jjoint; they are not covered

with a thick glandular skin like the globiferous pedicellariae. The blade is narrow, with smooth incurved

edges, leaving a narrow median slit; the outer part of the blade is quite open, a little widened. The

point is rather abruptly cut, with 8— 10 rather large serrations in the edge (in small ones only 6 such

serrations), those in the middle being the largest. No meshwork in the blade, but there may be in

the lower part a few crossbeams uniting the edges. The edges of the basal part are smooth. The

valves may be very strongly curved towards the point or only cpiite little so; sometimes there is a

distinct hump at the point (PI. XIX. Fig. 20).
— The figures give an idea of how much they may

vary in shape.
— The neck is generally well developed; the stalk is rather long, with only a small

« milled ring below. Also of this kind of pedicellarise 4-valved specimens may occur. They are found

over the whole test, but are especially numerous round the mouth and anal opening and in the anter-

ior ambulacrum on the abactinal side.

The tridentate pedicellarise are generally richly developed and occur in two or three rather

different forms, though not very sharply distinguished, transitional forms (among the small specimens)

being found. The largest form (PL XIX. Fig. 29) (head up to ca. i
mm

long) has the valves rather wide

apart in about the lower half of their length; the blade is narrow and somewhat compressed, with a

rather sharp median keel on the outer side in the lower half, the outer part, where the valves join,

being more or less spoonshaped widened, and the keel disappearing gradually. No meshwork in the

blade, only just above the apophysis there may be a few crossbeams uniting the edges. The edge of

the lower, narrow part has generally a few large irregular serrations, on the outer, widened part it is

finely serrate. The edge of the basal part and the apophysis smooth. The holes of the outer part are

often large and somewhat irregular.
- - The second form (PL XIX. Fig. 3) has the blade almost closed,

with only a small part of the point widened; this form is, however, not very sharply distinguished

from the first form and does not occur very commonly. Quite small specimens with the blade scarcely

narrowed below sometimes occur — in one specimen ( Ingolf St. 6) I found them especially developed

(PL XIX. Fig. 19) but I have also seen them in other specimens. The third form (PL XIX. Fig. 10) is

more distinct and is probably always present. The valves join in almost their whole length; the blade

is simply leafshaped, and the edge is straight and finely serrate; there is a slight median keel along

the dorsal side of the blade. This form attains almost the same size as the first one, up to ca. i"1 '"

(head). All the tridentate pedicellarise have a well developed neck, and the stalk has a distinct milled

ring- below.
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The triphyllous pedicellarise (PI. XVIII. Fig. 12) very much resemble small specimens of the

third form ot tridentate pedieellarke, differing from them, however, in the blade being broader and

the basal part narrower. — Ophicephalous pedieellarire do not occur, at least I have not found them

iu any of the numerous specimens, which I have examined. — As for the tubefeet and the plates of

the disk reference must be made to Loven's very beautiful figures. Only a pair of spicules are

figured here (PL XVIII. Fig. 18). In some specimens the inner tubefeet of the anterior series of the

anterior petals are rather large, not of the shape of gills like the other tubefeet of the petals, and

full of spicules, whereas spicules are wanting in the transformed feet. In most specimens these tube-

feet are quite rudimentary. Genital papillae are sometimes very distinct.

A few young specimens found among the vast numbers of larger specimens in our Museum

enable me to give some information — though very far from complete
— of the postembryonal dev-

elopment of this species. The youngest specimen is scarcely 3
mm

long; it shows as yet no trace of the

petals, and the same is the case in a specimen of 4
tnrn

length. This is not in accordance with the

statements of Agassiz, who finds the petals distinct already in a specimen of only 3-6™'" length

(PL XIX. Fig. 7.
Revis. of Echini |; only in specimens of ca. 8mm I find the petals of a size corres-

ponding to that figured by Agassiz for a specimen of 3-6
mm

. There seems then to be some error in

Agassiz' statement, either <,y6 is a printing error, or the specimen is not Br. lyrifcra (comp.

the following remarks on the American specimens of <Br. lyriferas), as it can scarcely be supposed

that so considerable variation occurs in the development of the same species. (My young specimens

were taken in the Kattegat, where no other species of Brissopsis occurs, any error in the identification

being thus excluded). The suckers of the odd ambulacrum are well developed in the youngest speci-

mens, but can iu no way be said to be enormous or even gigantic . The form of the peripetalous

fasciole is rectangular, as figured by Agassiz. In the youngest specimen the periproct is still close

to the peripetalous fasciole. It may be emphasized that the peripetalous and subanal fascioles are

quite without any connection even in the youngest specimen; no anal branches are developed from

the subanal fasciole. The latter includes in a specimen of 8-5'
nm as yet only three ambulacral plates

and, accordingly, only two pairs of pores. In the specimen of 4
mm

length only two ambulacral plates

reach within the fasciole, the third reaching only the border of the fasciole; no pores (or tubefeet) are

as yet developed within the fasciole. How it is in the specimen of 3
mm I have been unable to see

with certainty.

This species often shows curious monstrosities in the Danish Seas, as is also the case with Spa-

tangus purpureas and Echinocardium flavcscens (Comp. above p. 124, 136). Meissner & Collin (Op. cit.)

have figured a comparatively slightly monstrous specimen from the North Sea, and another is figured

by Doderleiu (Op. cit. PI. XXXIV. Fig. 7).
Often the actinal plastron is formed in the shape of a

deep furrow in the bottom of which the spines are placed, the adjoining ambulacra forming a high

rido-e on either side. Also the odd anterior ambulacrum on the abactinal side or even the anterior

half of the test may be quite sunken. In PI. III. Figs. 2, 7,
n some of these monstrosities are represented.

The suo-o-estion that thev are caused bv some kind of parasitic organism seems not improbable, but

I have been unable to ascertain the fact.

This species was taken by the Ingolf at three stations only, viz.:
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St. 6 (63 43' Lat. N. 14 34' Long. W. 90 fathoms 7°oC. Bottom temp.) 1 specimen.
- 8 (63° 56'

- 24 40' 136
- -

)
1

—
85 (63°2i'

—
25°2i'

— 170
—

)
I

Br. lyrifera is very common in the European Seas, from Northern Norway and Iceland

(the South Coast) to the Mediterranean. It is further stated to occur at the Cape of Good Hope and

in the American Seas, from Greenland to the West Indies. The bathymetrieal distribution is stated to

be from shallow water to 2435 fathoms. — This wide geographical and bathymetrieal distribution

looks somewhat suspicious, the more so, as the species is said to be very variable. A close examina-

tion shows that the great variation» is mainly due to different species having been confounded, and

the wide geographical and bathymetrieal distribution of Br lyrifera must be considerably restricted.

The Mediterranean form of Br. lyrifera has been described as a distinct species (Brissus) pul-

vinatus by Phi lip pi (Op. cit), evidently without knowledge of the <Brissus lyrifera described by

Forbes (1841). All later authors agree in uniting Br. pufoinaius with lyrifera, and probably they are

right herein, though certain differences can be pointed out as distinguishing the Mediterranean from

the northern form. The specimens from the Mediterranean are generally more elongate, and especially

the posterior end of the test is more vertical than in the northern form and a little hollowed. The

posterior petals are a little more parallel than in the northern form, and the figure formed by the

peripetalous fasciole is somewhat narrower. The odd anterior ambulacrum is narrower and its sides

more vertical than in the northern form. When comparing specimens from the Mediterranean with

specimens from the Skagerrak the difference is very considerable (PI. III. Figs. 12, 20, 23 and PL IV.

Fig. 9
— comp. with PI. III. Figs. 3, 18, 21— 22, further PI. IV. Figs. 2—3, 16, comp. with PL IV. Figs. 14

—
15, 17); but these, evidently, are the extreme forms. All transitional forms may be found, and speci-

mens of both forms may occur in the same locality; I have both forms from Bergen and from the

Bay of Biscay. Other more reliable characters in the structure of the test, by which they might be

distinguished, I have been unable to find, nor are reliable characters found in the pedicellarise, though

thev are upon the whole more slender in the Mediterranean form. All the specimens from the Medi-

terranean, which I have seen, are white, whereas all the specimens of the northern form, with a very

few exceptions, are dark coloured. If this is the case also in the living specimens and does not depend

on the preservation, it is certainly a difference worth noticing, and in that case I would think it right

to distinguish the Mediterranean form as a variety of lyrifera, var. pulvinata. I can only state, that

all the very numerous living specimens of the northern form of lyrifera which I have seen, were

dark brownish.

What the Brissopsis par/ua Val. named by Perrier (Rech. s. les pedicellaires p. 174) really is,

cannot be settled, the type specimen not being found any longer in the Paris Museum. Since, how-

ever, it has (according to a communication from Professor E. Perrier) come from Stockholm (through

Malm), it can scarcely be doubted that Agassiz was right in making it a synonym of lyrifera. At

any rate we must be satisfied with the statement.

The occurrence of Brissopsis lyrifera at the Cape of Good Hope was first recorded in the .Chal-

lenger -Echinoidea (St. 141, 142; Simons Bay, Agulhas Bank), Agassiz (Op. cit. p. 189) stating that he

was unable to distinguish specimens of this genus collected at St. 142 from Brissopsis lyrifera except by
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such indifferent characters as a somewhat more compact test with a slight keel from the apex to the

anal system, a closer tuberculation and a slightly sharper peripetalous fasciole; characters which are

found in specimens coming from such distant localities as the Coast of Norway and the western

shore of Spain \ The species has further been recorded from that region by Bell (Echinoidea of South

Africa, p. 175) and recently by Doderlein (Echinoidea d. deutsch. Tiefsee-Exp. p. 256), both authors

likewise regarding the Cape-specimens as specifically identical with the B. lyrifera from the Northern

Atlantic; Professor Doderlein, however, points out as differences between the two forms that in the

northern specimens the anterior end is considerably lower than the posterior, the odd interambulacrum

rising somewhat («kraftig»), which is not the case in the Cape-form. Further the anterior petals are

straight in the northern form, whereas in the Cape-specimens the petals are slightly curved (but only

in the larger specimens). In the pedicellarise Doderlein finds no essential difference between the

two forms.

Any further differences in the structure and the shape of the test between the Cape-specimens

and the northern form of Brissopsis lyrifera I have been unable to find by a brief examination of

the Challenger -specimens in the British Museum. In the pedicellarise, however, I find some small

differences. The globiferous pedicellarise often, though not always, show the peculiar feature of the

edge of the basal part of the valves being very irregular (PI. XVIII. Fig. 3) ;

' the upper end of the

stalk is mostly irregular with a projection on one side (PL XVIII. Fig. 23); otherwise they agree with

those of the northern form of lyrifera. The larger forms of tridentate pedicellarise do not show any

reliable differences from those of the northern form, whereas the second, smaller form differs rather

considerably from the corresponding form in the northern specimens (PI. XIX. Fig. 2, comp. with

PL XIX. Fig. 3), the outer part of the blade being more rounded and the lower part less narrowed.

The rostrate pedicellarise are also very like those of the northern form, only the quite small specimens

of this form (PL XIX. Fig. 9) have the valves lower and broader than is generally the case in those

of the northern specimens. I have found no form corresponding to the simply leafshaped tridentate

pedicellarise of the northern specimens. Ophicephalous pedicellarise I have not found. In the triphyllous

pedicellarise and the spicules no differences are found between the Cape-specimens and those from

the northern seas. — The differences in the shape of the test and the form of the petals pointed out

by Doderlein together with the differences in the pedicellarise shown here seem to me to justify

separating the Cape-specimeus at least as a distinct variety, which I may name capensis n. var. But

I should not be surprised, if on a careful comparison of a larger material of the Cape-form with the

northern form the former should prove a distinct species.

In the British Museum I have further examined a « Challenger -specimen of < Brissopsis lyri-

fera* from Simon's Bay, which is, however, not this species. (There are two labels in the glass, one

with Br. lyrifera, the other with Br. luzonica, which seems to indicate that Agassiz was in doubt of

the right identification; nothing is, however, said thereof). The specimen is ca. i8mm in length.

The labrum reaches to the suture between the first and second adjoining ambulacral plates. Only

two pairs of pores are included within the subanal fasciole, the first plate included being the 6th.

The anterior petals are scarcely longer than the posterior ones; they point almost directly out-

1 In the valve figured here one of the terminal teeth is abnormally curved inwards.
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wards. The petals are not deepened. The apical system is somewhat anterior. The frontal tnbefeet

are small, without a large sucking disk, whereas in a specimen of lyrifera, var. capensis from St. 142,

scarcely half that size, the frontal tubefeet are larger and provided with a distinct disk. The peri-

petalous fasciole is not reenteringly curved between the petals, but almost round as in Hemiaster.

Tubercles and spines are comparatively large, within the peripetalous fasciole especially there are

rather conspicuous primary tubercles scattered among the small ones in all the interambulacra. The

pedicellariae are rather sparingly developed, except the ophicephalous ones, which differ considerably

from those of other Brissopsis-species (PI. XVIII. Figs. 7, 8, 14). The basal part is quite rudimentary, as

in the Br. atlantica described below; the blade is rather elongate, the outer part distinctly narrower

than the articular surface (in Br. atlantica the outer part is as broad as or broader than the articular

surface — PL XVIII. Fig. 10). Otherwise only triphyllous and very small tridentate pedicellarite were

seen, which do not show characteristic features. — That this specimen does not belong to Br. lyrifera

var. capensis is certain. If it be a true Brissopsis, it is a new species; but perhaps it is no Brissopsis

at all — it reminds one very much of Metalia. But I shall not try to decide to which genus and

species it really belongs, only state that it is not Br. lyrifera.

The statement of the occurrence of Br. lyrifera at Greenland dates from «Rev. of Ech. (p. 96),

where among other localities are named Great Britain; Greenland, Clyde (Forbes) . This statement is

reproduced by the later authors, but 110 new original statements are added. This seems strange, as

the marine fauna of Greenland has been much investigated, especially by Danish naturalists; but

among the vast collections from Greenland in our Museum there is not a single specimen of Br. lyri-

fera. It seems also rather curious that Forbes is given as the authority for the locality Greenland
;

but Forbes never was in Greenland (I suppose that E. Forbes is meant). When further it is noticed

that the locality ; Greenland is placed among the British localities; that it is separated from the

following locality <Clyde> by a comma only, whereas the other British localities named are separated by

a semicolon; that there is on the Clyde a town named Green: then it seems not quite unreasonable to

suppose that this « Greenland is only a small locality on the Clyde. To be sure, Mr. W. T. Gibson,

Curator of the Biological Station at Millport, asserts that no locality of that name is found on the

Clyde; but there may have been at the time, when Forbes dredged there; or there may have been

some mistake with the label (the specimens are not found any longer). Professor Bell told me, on

my pointing out this matter before him, that he was quite of my opinion. However this may be, the

occurrence of Br. lyrifera at Greenland cannot be regarded as an ascertained fact, before the species

is recorded from there through new researches. That it will be found at the East Coast of South

Greenland seems rather probable, since, as has been shown by the Ingolf»-Expedition, it occurs in

the Denmark Strait.

From the East Coast of North America Br. lyrifera is recorded from numerous localities ( Re-

vision of Echini
,

Blake -Echinoidea, Verrill (426), Rathbun (335, 336), Clark (Echinoderms of

Portorico)
l
. I have examined rather many of these specimens (especially in the U. S. National Museum

and the Museum of Yale College) and found them to belong to three distinct species, whereas not a

single true Br. lyrifera was found among them. I think then, it will not be found quite unreasonable

1 Bulletin of the U. S. Fish Couim. 1900. II.



ECHINOIDEA. II.
159

when I venture to suppose that Br. lyrifera is not at all found ou the American side of the Atlantic.

In any case it cannot be taken as proved by any of the statements hitherto made of its occur-

rence there.

From the U. S. National Museum 1 have received a specimen of Brissopsis lyrifera from

Albatross St. 2401 (142 fathoms; Gulf of Mexico. Rathbun 336. p. 616), which is evidently identical

with the globular type* figured by Agassi z in Blake -Ech. PL XXVI. Figs. 13—18. Specimens of

the same form I have further seen in the U. S. National Museum, the Museum of Yale College and

in the British Museum from the Albatross St. 2400 and 2401 and from the «Blake» St. 49. From the

latter station there are three specimens of this form in the British Museum wrongly identified as

Periaster limicola A. Ag. — A close examination of this form shows that it is not Br. lyrifera, but a

very distinct species, which I shall describe here under the name of Brissopsis alta n. sp.

The shape of the test (PI. III. Figs. 5, 8, 9, 13, 16) is distinctly higher and more globular
1 than

in lyrifera, as is also well seen in the figures in the Blake»-Echiuoidea quoted above. The actino-

stome is very near the anterior end ,of the test, distinctly more so than in lyrifera. The labrum is

prominent, with a rather broad posterior prolongation, not reaching the second adjoining ambulacral

plates. The first ambulacral plate reaching within the subanal fasciole is the 6th; three pairs of pores

are enclosed within the fasciole. No anal branches of the fasciole are developed. The rather small

anal area is placed near the upper side on the high, beautifully arched posterior end. The petals are

short and rather broad, the posterior about two thirds as long as the anterior ones
;

in larger speci-

mens they are rather deepened. The posterior petals are completely separated, though scarcely so

widely as is generally the case in lyrifera; the tubercles appear already on the second— third plate of

the posterior interambulacrum (as in lyrifera), and only the three inner pores of the inner series of the

posterior petals are rudimentary. The area enclosed by the peripetalous fasciole is somewhat smaller

than in lyrifera ; it is rather broad, not much narrowed in the posterior lateral interambulacra, produced

somewhat backwards in the odd posterior interambulacrum. The odd anterior ambulacrum is only

slightly sunken, the front end of the test being almost regularly rounded, especially in the smaller

specimens. In the specimen received from the U. S. National Museum there are only three genital

pores, which is, however, evidently an abnormal case, all other specimens seen by me having four

genital pores.
— The tubefeet and their spicules are as in lyrifera, the spicules only may be a little

more thorny. Some of the rosette-plates may be coalesced.

The pedicellarise give very good characters distinguishing this species from lyrifera. The glo-

biferous pedicellaria; (PI. XVIII. Figs. 27, 29) have the terminal opening of the valves surrounded by

6 or 8 short teeth; the blade is a quite closed tube, somewhat curved. The basal part has a rather

close meshwork at the bottom; the edges are smooth as is also the apophysis. The valves are as in lyri-

fera enclosed by a thick skin, probably glandular, but without glandular sack. There is no neck. The

stalk is provided with an irregular, sometimes very large limb with numerous free, upwards directed

1 In the Blake-i-Echinoidea (p. 701 Agassiz sets forth the opinion that the « globular test > is an <enibryonic feature*.

I cannot see the reason for regarding this shape of the test as more embryonic than the oval, elongate form. If it be proved
that a species like the Br. elongala described below is globular in its young stages, there may be some reason for seeing a

more primitive feature therein. But, as far as my experience goes, it cannot be said to be a general character of young

Spatangoids that their test is comparatively more globular than the test of the grown specimens.
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points. On the lower edge of this limb the muscles of the stalk are inserted. At the upper end the

stalk is somewhat pointed. The head is ea. o-6—cr8mm
,
the stalk ca. i— rj™" long; the part above the

limb may be considerably longer than in the figured specimen. The rostrate pedicellarioe (PI. XIX.

Fig. 7) have long and slender valves, only slightly curved, except towards the point; the edge may

be quite smooth or more or less serrate; the point not much widened, finely serrate; the neck is

generally well developed, no limb on the stalk. Length of head ca. i
mm

. The tridentate pedicellarise

(PL XIX. Fig. 24, 26, 27) differ rather much in shape according to size, but only one form can be

distinguished. Large specimens (up to ca. o -8mm head) have short stalk and neck, and may be 3
—

4-

valved. The valves are rather wide apart, joining only for about the outer third of the length

of the blade. In the lower part the blade is narrow, more or less keeled on the dorsal side. The

edge is coarsely and more or less irregularly serrate; the serrations are generally bent outwards. No

meshwork in the bottom of the blade
;

often a few crossbeams unite the edges in the lower part,

just above the apophysis. The outer part of the blade, where the valves join, is somewhat spoonshaped

widened, the edge being finely and regularly serrate. The basal part is rather small, with smooth

or faintly serrate edges; the apophysis is smooth. The short stalk is rather thick and compact, with a

rather distinct milled ring below. — Small specimens generally have a long neck and a longer, slender

stalk, consisting of distinct longitudinal fibres connected by crossbeams; the valves join in almost

their whole length, and may have a single large serration in the lower part, or this part may be

quite smooth, the edge otherwise being as usual finely serrate. The blade is simply leafshaped.
— The

triphyllous pedicellarise (PL XVIII. Figs. 4, 11) may be rather variable in shape, but otherwise do not

present special features. — The sphaeridiae with rather numerous longitudinal ridges (PL XVIII. Fig. 22)

which is, however, scarcely a constant feature.

In the « Blake. -Echinoidea, PL XXVI. Figs. 7
—8 Professor Agassiz figures an elongated type

•

of Br. lyrifera, which differs very considerably from both lyrifera and alta through its confluent petals.

After having examined a number of specimens of this form — I am especially indebted to Professor

Rathbun for sending me several specimens to Copenhagen for study — I can show beyond doubt

that this form is not at all a mere local form of Br. lyrifera, but a very distinct species, which I shall

describe here under the name of Brissopsis atlantica n. sp.

The general shape of the test is shown in PL III. Figs. 6, 10, 17. Also the figures cited of the

« Blake -Echinoidea show it rather well, only the posterior end of the test is generally almost vertical,

not sloping as in the Fig. 8, but there is some variation in this respect. The test is upon the whole

rather low, rising somewhat towards the posterior end
;
the width is rather variable (see below, p. 162).

The actinostome is considerably more distant from the anterior border of the test than is the case in

Br. alta; it is more as in lyrifera, but on the other hand the labrum is less prominent than in that

species. The narrow posterior prolongation of the labrum does not reach the second adjoining arabu-

lacral plates. The first ambulacral plate reaching within the subanal fasciole is the 6th, and there are

generally 4 pairs of pores enclosed within the fasciole; sometimes, however, only 3 pairs are included,

which case may be found also in large specimens, while already in the smaller specimens 4 pairs of

pores may be found within the fasciole. I have also seen a specimen with 4 pores on one side and

3 on the other within the fasciole. Anal branches from the subanal fasciole may be distinct, but it is
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not a constant feature; in one case the anal branch was quite distinct on one side and not at all disc-

ernible on the other.

The peripetalous fasciole is narrow and elongate. The petals, which may be rather deepened

are so directed as to form a crescent-shaped figure on each side — the character hitherto thought

characteristic of the genus Toxobrissits (comp. below, p. 166-7). The posterior petals are «confluent
,
the

posterior interambulacrum forming only a narrow separating bridge, with the primary tubercles not

beginning before about halfway out, whereas in lyrifrra and alta the primary tubercles begin close

behind the apical system. In the inner (median) series of the posterior petals the large pores are found

only in the outer half, from about the 9th, whereas in lyrifera and alta the large pores begin near the

inner end, from the 4th
—6th. The odd interambulacrum is very narrow on the part between the peri-

petalous fasciole and the anal area. The madreporic plate is scarcely longer than in the two other

species, but it is somewhat narrower. There are four genital pores in the usual position.
—

Spines,

tubefeet and spicules do not afford any distinguishing characters.

The pedicellaria; are very richly developed; globiferous, rostrate, tridentate, ophicephalous and

triphyllous pedicellariae have been found. The globiferous pedicellarise occur, rather surprisingly, in

two very different forms. One form (PI. XVIII. Figs. 20, 24) has very elongate, narrow valves, ending

in two long, somewhat diverging, inward bent teeth. The valves are clad in a rather thick coat of

skin; the stalk is very short. Length of head ca. 1-5— I'S"1"1
.

1 The other form (PI. XVIII. Figs. 5, 9, 19)

is like the type found in alta, but there are generally only two teeth on either side of the terminal

opening. The stalk has a rather small circlet of thorns below. Length of head ca. o'5
m

'". It may be ex-

pressly noticed that I have found both kinds of globiferous pedicellarise in the same specimen, though

certainly not in all of them. It may not seem unreasonable to suggest that both kinds of globiferous

pedicellarise may also prove to occur in other species, as e. g. Br. alta and columbaris (in which latter

species the slender form occurs, as I have been able to prove on specimens examined in the U. S.

National Museum). — The tridentate pedicellariae likewise occur in two distinct forms. One form

(PI. XIX. Figs. 11, 33) has very elongate, slender valves, very wide apart, joining only for a very short

space at the point. This outer part is widened, with finely serrate edges; all the rest of the blade is

quite narrow, with smooth edges or with one or a few teeth near the outer end. A few crossbeams

are generally found in the lower part of the blade. The valves are almost straight. Length of head

up to ca. i'5
mm

. The neck is very well developed, the stalk long and slender. The other form (PI. XIX.

Figs. 1, 28, 32) is very like that found in Br. alta, and may likewise occur four-valved. There are large

teeth in the lower, somewhat narrowed part, whereas the outer part, where the valves join, has the

edges finely serrate. In smaller specimens of this form the valves join for a considerably larger part

of their length, only one or two large teeth occurring in the lower narrowed part. I have not seen

specimens of this form larger than r2mm length of head. Neck and stalk as in the first form; the

neck may be much longer than in the specimen figured, in which it is somewhat contracted. — The

rostrate pedicellariae (PI. XIX. Fig. 5) remind one very much of the slender form of tridentate pedi-

' A quite similar form of globiferous pedcellariae was described and figured by Dr. de Meijere (Siboga-Eehinoi-

dea. p. 189. PI. XXIII. Fig. 474), from some specimens wrongly referred to Brissopsis luzonica\ through the kindness of Pro-

fessor M. Weber I have received one of these specimens and can thus state definitely that it is not Br.lusonia but a new-

species, which I intend to describe in Part II of the Siatn-Echinoidea.

The Ingolf-Hxpedition. IV. 2. 21
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cellariae, only the widened part at the point is smaller, the blade is more curved, and, generally, the

edges of the basal part are distinctly serrate for a short space. This form reaches a size of ca. imm

length of head; it is, indeed, not sharply distinguished from the tridentate pedicellariee, transitional

forms being found, which may almost with equal right be referred to either of these kinds. On the

other hand a smaller form of rostrate pedicellarise (PI. XIX. Fig. 4) may also be found, which is more

like the form known from lyrifera. In quite small specimens the widened part in the point of the

blade is comparatively larger (PI. XIX. Fig. 25) --if upon the whole this form ought to be regarded

as a rostrate pedicellaria; it might perhaps as well be termed tridentate. The ophicephalous pedicel-

larise (PI. XVIII. Fig. 10), which are only occasionally found in the larger specimens, are rather char-

acteristic. The basal part is quite small; the blade is rather broad in the outer end, its edges are

serrate almost down to the articular surface; the apophysis is sometimes very broad. (PI. XVIII.

Fig. 13).
1 — The triphyllous pedicellariae are like those of lyrifera.

This species is evidently rather common and widely distributed along the American side of

the Atlantic. I have seen specimens from the following stations of the < Albatross* : 2077 (1255 fathoms)

2230 (1168 fms.), 2343 (279 fms.), 2378 (68 fms.), 2401 (142 fins.), 2562
s
(1434 fms.), 2571 (1356 fms.), 2684

(1106 fms.), 2748 (1163 fms.). I have further dredged a specimen myself off Christiansted, St. Cruz, in

ca. 200 fathoms. It may not be too hazardous to prophesy that probably many more of the American

specimens referred to Br. lyrifera will prove to belong to this species, while the rest will be Br. alia

or the species described below, Br. elongata, or even Periaster limicola, whereas I doubt if there are

any true Br. lyrifera among them.

Some specimens from the stations 2077, 2208, 2230, 2571, 2684 and 2748 are somewhat broader

than those from the other stations named
;
some of them are narrowed towards the posterior end.

Also the posterior petals may be more sunken than is generally the case in the narrower form; the

colour seems to be darker and the test more fragile than in the narrow form. (The species has upon

the whole a rather fragile and thin test). Generally, but not always, this broad form has only three

pairs of pores within the fasciole; the labrum is also somewhat more prominent. As, however, the

other features, especially the petals and pedicellaria? are alike, I do not think it possible to keep the

broad form as a distinct variety, or even a distinct species, the more so, as there are transitional forms.

That the broad and narrow form may occur together (e. g. from St. 2077) need not, of course, imply that

they cannot be distinct species. After the material at my disposal I must regard them all as one

species, which is rather variable in regard to the width of the test. In PI. III. Fig. 17 is represented a

specimen of the broad form.

In the Museum of the Yale College I found in a specimen from St. 2268 (68 fms.) a very curious

kind of tridentate* pedicellarise (PI. XIX. Figs. 14, 22, 30). It has no less than 8 valves, a case quite

unparalleled. The valves are rather narrow and flat, the point bending inwards as a hook. The speci-

men otherwise agrees with atlantica, and both kinds of globiferous pedicellarise are found on it. There

1 This form of ophicephalous pedicellaria was found in a very young specimen , whose identification is not

beyond doubt.

2 The specimens (one and some fragments) from this station have the petals somewhat less distinctly crescent-shaped
than is otherwise the case in this species; none of the more characteristic pedicellariae were found. I dare not assert

beyond doubt therefore that it is really this species, though 1 for my part think it reallv is.
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can scarcely be any doubt that these curious eight-valved pedicellaria: are an abnormal case. If it

should prove a constant feature, it would certainly be a sufficient character for distinguishing this

form as at least a separate variety.

From the Paris Museum 1 have received a specimen of Br. lyrifera-* from the Talisman
,

1550 M. It has confluent petals like Br. atlantica, and the shape of the test is as in that species (PI. III.

Pig. 1. PI. IV. Figs. 5, 19), only the labrum is somewhat more prominent. There are only three pairs of

pores within the subanal fasciole. The pedicellarise, unfortunately, are very sparingly represented, only

one form of tridentate, rostrate and triphyllous pedicellarise being found. The tridentate differ some-

what from those of atlantica (PI. XIX. Figs. 13, 31). Also the rostrate pedicellarise (PI. XIX. Figs. 8, 16,

23) show some minor differences, especially in the basal part having often irregularly serrate edges.

I do not venture to state that this specimen belongs to Br. atlantica; but in any case it is not

Br. lyrifera.

From Puerto Cabello we have in our Museum some specimens of a Brissopsis which prove to

belong to another, very distinct, new species; I shall describe it here under the name of Brissopsis

elongata u. sp. I have seen in the U. S. National Museum a specimen of this species from the Alba-

tross St. 2145 (25 fms., Caribbean Sea), referred to Br. lyrifcra, and further I have examined there

the specimens from Porto Rico mentioned as Brissopsis lyrifera by Clark (The Echinoderms of Porto

Rico. Bull. U. S. Fish. Coram. XX. Part II. 1900. p. 254) and find them likewise to belong to this

species. Probably also the specimens from the Sea between Jamaica and San Domingo mentioned by

Agassiz (
Blake >-Ech. p. 69) as « representing the extreme elongated form of Br. lyrifera will turn

out to be Br. elongata. In any case it is certain that this species also has been recorded as Br. lyrifera.

The shape of the test (PI. III. Figs. 4, 14, 15, 19. PL IV. Figs. 1,4, 13) is upon the whole like that

of Br. atlantica. viz. the narrow form, only the posterior end is more vertical than is generally the

case in that species. The labrum is very little prominent, its anterior edge almost straight; its poster-

ior prolongation ends off the middle of the second ambulacral plate and it is much widened off the

border between the first and second ambulacral plate (PI. III. Fig. 19). The spines of the actinal plastron

accordingly do not reach so near to the mouth as in the other species. The first of the ambulacral

plates reaching within the subanal fasciole is the 7th.
1 This is a highly interesting case, showing that

the number of ventral plates is not everywhere limited to five, as maintained by Loven (On Pour-

talesia. p. 33); the same case is found in Toxobrissus pacificus. (I know of one more case, viz. in a new

species, which I am, however, not entitled to describe). There are 4 pairs of pores within the fasciole

(PI. IV. Fig. 18); sometimes the posterior one is indistinct and the tubefoot simple, not penicillate as

the others. In one case I have found only 3 pores on one side, while on the other side all 4 pores

were present. The spines of the subanal plastron are rather long and form two prominent tufts,

separated by a median belt of small spines. The posterior petals are almost as long as the anterior

ones; they are parallel in almost their whole length and very close together, separated only by some

very narrow interambulacral plates without tubercles (and spines), the latter beginning only on the

In the specimen figured in PI. IV. Fig. 1 it is in the left ambulacrum exceptionally the 6th, which reaches the

fasciole. On the right side it is the 7th.

21*
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5
—6th plate (in lyrifcra they begin on the 2—3rd plate). The peripetalous fasciole forms, in accordance

with the great length of the posterior petals, a rather elongate figure. The subanal fasciole is very

strongly developed, and a small anal branch extends from it along each side of the anal area towards

the peripetalous fasciole. In none of the specimens before me, however, does it reach more than half

way up.

With regard to the tubefeet a single feature must be noticed, viz. that the plates of the rosette

are very broad in their outer part, and generally divided into 2—3 lobes (PI. XVIII. Fig. 17). The spi-

cules (PI. XVIII. Fig. 16) are more spinous than in lyrifera.

The pedicellariae are very characteristic and show at once this form to be very distinct from

the other species. Globiferous, tridentate, rostrate, ophicephalous and triphyllous pedicellariae are found.

The globiferous pedicellariae (PI. XVIII. Figs. 15, 21, 28) are especially found in the posterior ambu-

lacra, off the subanal plastron, where they may form a very conspicuous stripe, being generally dark

brown and rather large — ca. i
mm head. The stalk is very short, ca. o ,

2 ,nm
,
with a small thickening

on the middle, but 110 circlet of thorns. There is no neck. The valves bend a little inwards and are

provided with mostly 2, sometimes 1 or 3, strong, upwards directed teeth, placed in the median line

on the outer side, just above the basal part; sometimes these teeth are coalesced, sometimes the

lower of them points downwards; I have found a single small globiferous pedicellaria, where they are

wanting. The blade is narrow, quite closed, ending in two very long teeth. The basal part is rather

small, the edge is smooth, as is also the case with the almost straight edge of the apophysis. There

is a thick skin around the valves. Evidently this form corresponds to the long, narrow form of globi-

ferous pedicellariae in Br. atlantica. Probably also the other form will prove to occur in this species.

The tridentate pedicellarise (PI. XIX. Fig. 12) may reach a considerable size, up to 1-5™™ (head),

but otherwise occur in all sizes down to quite small ones. They are mostly, the larger ones exclusivelv,

found around the mouth and on the posterior ambulacra on the actinal side. The valves are widely-

separated, joining only towards the point. The blade is narrow in the lower part, not very deep, but

generally with a well developed meshwork at the bottom. No distinct longitudinal keel along the

outer side. The edge is smooth, only with 1—4 large, a little outwards directed, teeth towards the

outer part. The end of the blade, where the valves join, is somewhat widened, the edge being finely

but rather deeply serrate. The basal part is rather small; the edges are smooth, as is also the edge

of the apophysis. The smaller specimens have the edge of the lower (shorter), narrow part of the blade

quite smooth; there is no meshwork at the bottom. Otherwise they do not differ essentially from the

larger ones, and only one form of tridentate pedicellariae can be distinguished. Even in the smallest

ones the valves join only with the outer half of the blades. The neck is very well developed; the

stalk is long, consisting of rather loosely connected fibres. The milled ring at the lower end is rather

indistinct. — The rostrate pedicellariae (PI. XIX. Fig. 171 which I have found only in the specimen

from Albatross 2145, are very characteristic; the blade is narrow, rounded in the point and closely

serrate some way down the side edges. The point is not widened. Only quite small specimens were

found. The ophicephalous pedicellariae (PI. XVIII. Fig. 2), which occur almost exclusively on the naked

posterior ambulacra on the actinal side, are small, without neck, as usual among the Irregular Echi-

noids; the stalk is irregularly fenestrated, not distinctly fibrous; its upper end is cupshaped; no milled
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ring below. The valves are much narrowed in the middle, the basal part being very narrow. The blade

is wide, deep in the middle and with sharp corners; the edge is strongly serrate almost down to the

articular surface. There is a small prolongation on the outermost of the three arches. — The tri-

phyllous pedicellariae do not differ from those of lyrifcra.

After what has been pointed out here it is evident that the geographical and bathymetrical

distribution of Brissopsis lyrifcra has to be considerably restricted from what was previously generally

accepted. The species is known with certainty only from the European Seas, from Norway to the

Mediterranean, from the British Seas, the Faroe Islands, South of Iceland and Denmark Strait. The

bathymetrical distribution is from shallow water to ca. 200 fathoms. 1
It is, of course, quite possible

that it does really go down to considerably greater depths, like other sublittoral species of Echinoids,

as e. g. Echinus esculentus and Strongyloccntrotus drobachiensis. Likewise it is quite possible that it

will prove really to occur at the American side of the Atlantic; but we cannot accept that on the

previous statements; renewed investigations are needed in the light of the facts made known here.

That the small specimens from the Porcupine from 2090
2 fathoms (Wyv. Thomson. Porcupine -

Ech. p. 750) are not really Br. lyrifera, may be said with rather great certainty.

The true Br. lyrifcra certainly shows considerable variation in the shape of the test, but by

no means so much as assumed by Agassiz, who has regarded the two very distinct species Br. alia

and atlantica (I cannot prove that Br. clongala was also confounded with lyrifera by Agassiz) as

variations only of lyrifcra.* The additional light said by Agassiz to be thrown on the changes

we may expect to find among Spatangoids of this group in one and the same species* by all the

very different looking specimens of Brissopsis lyrifcra from the Blake was, indeed, only additional

confusion. In the Revision df Echini p. 356 x\gassiz states of Brissopsis lyrifcra that with age the

lateral pairs of ambulacra gradually tend to unite, passing from a strictly Brissopsis outline (PI. XIX. f. 8)

to one considered hitherto characteristic of Toxobrissus (PL XIX. £9)*. And further (p. 355): The cha-

racter of continuity of the adjoining pairs of ambulacra, which Desor assigns to Toxobrissus as a

distinguishing feature, becomes more and more apparent according to the size of the specimens; so

much so, that we should place Brissopsis lyrifera, when young, in Brissopsis, but when full grown it

would most decidedly pass for a Toxobrissus .
— It must be decidedly maintained that among the true

Brissopsis lyrifcra there is no tendency in the posterior petals to unite with age; they are in the full

grown specimens at least as distant as in the young ones, if not more. Even the figures given by

Agassiz himself in the <• Revision of Echini show sufficiently that the continuity of the posterior

petals is not a feature developed with age. PI. XIX. Fig. 9 is from a specimen 27-9
mm

long, with very

confluent ambulacra; but in PL XXI. Fig. 2, representing a specimen of 49™"', the ambulacra do not

show the slightest tendency to unite. Evidently the specimen figured in PI. XIX 9 is a Br. atlantica

' In IX. Report from the Danish Biological Station 1899, it is recorded from 210 fathoms from the Skagerrak.
- In the Challenger-Ech p. 220 the greatest depth is stated to be 2435 fathoms.

3 In the Preliminary Report on the Echini of the Albatross (Bull. Mus. Comp. Zool. XXXII. 1898. p. 82) Agassiz

expresses some doubt of the correctness of referring to Brissopsis such forms as the elongate type figured in the «Blake»-

Ech. PI. XXVI. Fig. 7, but in the «Panamic Deep Sea Echini^ p. 191 he again speaks of «the elongated and globular speci-

mens of the West Indian Brissopsis lyrifera*.
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(or elongate),
1 the confusion of this species with lyrifera having caused the erroneous statement of the

development of the petals.
— It is also a curious fact that in the Blake -Ech. p. 70 Agassiz speaks

of the confluent ambulacra as an «embryological character .-, in direct opposition to the above citations,

where this character is said to be developed with age.

The subanal fasciole is also said
( Rev. of Ech. loc. cit.) to be subject to very great changes,

due to different stages of growth; in the Blake -Echinoidea it is even stated to have disappeared

completely in some specimens, viz. in the globular specimens from off Missisippi. That none of these

globular specimens are really Br. lyrifera, I think beyond doubt; they will probably turn out to be

partly Br. alia and partly, viz. those without a subanal fasciole, Periaster limicola. (To be sure, I have

not myself seen any specimens of Periaster limicola identified as '.Brissopsis lyrifera ,
but I have seen

specimens of Brissopsis «lyrifera» (alia) identified as Periaster limicola (comp. above p. 159), so it may

not seem very hazardous to suggest that the reverse case may also be found). Until by a renewed

examination of these globular specimens without a subanal fasciole it is shown definitely to which

species they belong, I must doubt that they belong to the genus Brissopsis. So far as my experience

goes — and I have examined a considerable number of specimens, especially of the species lyrifera

and luzonica — the subanal fasciole is very constant in this genus, as upon the whole this fasciole is

one of the most constant features in the Amphisternous Spatangoids. That it may, however, sometimes

really disappear I have shown above (p. 129) for Spatangus Raschi. — On the other hand there is really

considerable variation in the anal branch, the small fasciole running from the subanal fasciole along

the sides of the anal area straight towards the peripetalous fasciole in the Brissopsis-species ,
as

pointed out by Agassiz. But this fasciole must, of course, not be confounded with the subanal fasciole.

In the true Br. lyrifera the anal branch is very seldom developed; only in a single specimen (Tngolf»

St. 6) they were both distinctly developed, reaching the peripetalous fasciole; in a very few instances

I have found slight traces thereof.

In the < Panamic Deep Sea Echini >

(p. 193) Professor Agassiz maintains the old genus Toxo-

brissus Desor, pointing out the following characters as distinguishing it from Brissopsis: The genital

plates of Toxobrissus do not extend into the interambulacral areas, which the}- do in Brissopsis. The

extremities of five ambulacral plates are included in the <anal (viz. subanal) fasciole of Toxobrissus,

whereas only four are so included in Brissopsis. The labrum of Brissopsis is shorter and more T-shaped

than in Toxobrissus. Further «the arrangement of the apical interambulacral plates of the odd inter-

ambulacrum shows at once the radical difference existing between Toxobrissus and Brissopsis . The

confluence of the posterior petals is not recognised as a character of the genus Toxobrissus.

the West Indian specimens of < Brissopsis lyrifera-* with confluent ambulacra being expressly stated not

to belong to the genus Toxobrissus (p. 191. Note); on the other hand it is said (p. 193) after pointing

out the characters mentioned above as distinguishing Toxobrissus and Brissopsis
- «that we are

1 Bittner (Uber Parabrissus und einige andere alttertiare Eehiniden-Gattungen. Verhandl. d. K. K. geol. Reichs-

anstalt. 1891. p. 137) lias already suggested that these figures do not represent one and the same species
— eine Umwand-

lung von Taf. XIX. Fig. 8 dureh Taf. XIX. Fig. 9 in Taf. XXI. Fig. 2 anzunehmen, diirfte sehr gewagt sein>. Also Pomel has

perhaps seen that; in any case he says iClassif. meth. p. 33): <le pretendu Brissopsis lyrifera de la Floride est probablement
une autre espece vivante-, viz. of the genus K/einia, which he maintains as a separate genus.
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justified in establishing genera based upon the coalescence of ambulacra which seems rather

contradictory.

The question of the two genera is, however, by no means solved by the remarks of Agassiz,
and the characters pointed out by him are of very slight value. The character that the genital plates

are a little longer in Brissopsis than in Toxobrissus can scarcely be taken to be meant seriously; at

least I am unable to see the generic difference in the extension of the genital plates in the Figures

278 f Br.lyrifera) and 279 (T.pacificus) given by Agassiz (Op. cit. p. 191 and 193). Further as regards

the characters of the labrum and the five ambulacral plates included within the subanal fasciole Bris-

sopsis elongata agrees exactly with T. pacificus. (In the specimen represented in PI. 105. 4 (and Text-

figure 280) the labrum is abnormal, not reaching beyond the 1. ambulacral plate of I. a; in the specimen

represented in PI. 103. 3 it is symmetrical, reaching the middle of the second ambulacral plate on both

sides, exactly as in Br. elongata). Also in the important character that the first ambulacral reaching

within the fasciole is the 7th, the two species agree (that it is so in T. pacificus is not mentioned

in the text, but it is distinctly seen in PI. 103. 3). Brissopsis elongata thus agrees with Toxobrissus

pacificus in three of its distinguishing characters, the form and extension of the labrum, number and

numero of ambulacral plates reaching within the subanal fasciole, and the confluent posterior petals,
1

but according to Agassiz 2 it cannot be referred to the genus Toxobrissus on account of the ..radical

difference in the odd interambulacrum, viz. that in Toxobrissus the fourth abactinal series (of the

odd interambulacrum) is reduced to a single plate>.3 Now this structure seems to be quite abnormal,

and it is not stated expressly to occur in all the specimens, though this might well have been worth

stating of a character thought to be so important; indeed, it does not seem to be so in the specimen

figured in PI. 103. 4 — as far as can be seen it is here quite as usual, and in any case in the fig. 279

the fourth plate is seen to be double. The odd interambulacrum is thus evidently quite normal also

in Toxobrissus pacificus and no character distinguishing this genus and Brissopsis is to be found

therein. If the species pacificus is really a Toxobrissus the Br. elongata then evidently also belongs

to that genus — but its characters are not those pointed out by Agassiz.

A short revision of the more important characters in the Brissopsis-species must be given and

the grouping of the species after these characters shown, before the value of the genus Toxobrissits

can be appropriately discussed. The following characters must be taken as the more important, after

which generic divisions might possibly be made: the posterior petals, confluent or divergent; the

number of plates included within the subanal fasciole; the numero of the first plate reaching within

this fasciole; the posterior extension of the labrum; finally the structure of the globiferous pedicellariae.

Other features can scarcelv come into consideration for use eventually as a foundation for generic

divisions.

1 Whether the pedicellaria? of T. pacificus are like those of elongata, I cannot say. I have found on the specimens

examined in the U. S. National Museum only tridentate pedicellana;, which are very different from those of elongata, the

valves being rather flat, provided with numerous long, coarse, outwards directed teeth in the lower part of the blade (in

larger specimens; having no complete valves I shall not give any figure of these). The more important globiferous pedi-

cellariEe are unknown; it may well be supposed that they will prove to resemble those of elongata.

? I may expressly note that I do not maintain that Professor Agassiz has known the form established by me as

Br. elongata. In the present connection this is, however, without importance.

3 This, I suppose, must be the character meant; at least I am unable to see what else it could be.
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Confluent posterior petals are found in Brissopsis luzonica, atlantica, elongata, Oldhami and Toxobrissns

pacificus.

Divergent — - — -
lyrifera, alta, columbaris and n. sp.'

5 ambulacral plates are included in the subanal fasciole in Brissopsis luzonica, Oldhami, elongata, n. sp.

and T. pacificiis.

4
— - — -- — - —

lyrifera, alta, columbaris and at-

lantica.

The first ambulacral plate reaching within the subanal fasciole the 7th: Brissopsis elongata, n. sp. and

T. pacificus.

— — — — — — - - 6th: lyrifera, alta, atlan-

tica, luzonica, Oldhami, columbaris.

The labrum ends off the 1st adjoining ambulacral plates: Br. lyrifera, alta, atlantica, luzonica, Oldhami.

columbaris and ;/. sp.

— — - - 2nd —
:

-
elongata and T. pacificus.

Globiferous pedicellarise with the valves ending in two long hooks: Br. lyrifera and luzonica.

— several short teeth surrounding the terminal opening: Br. alta.

of two kinds, one with long and slender valves, ending in two long hooks,

the other with short valves with several teeth round the terminal

opening: Br. atlantica. columbaris (?only the slender form known), elon-

gata (? only the slender form known).

— — unknown : T. pacificus, Br. Oldhami and n. sp.

From this summary it is evident that none of the characters give the same grouping of the

species; there is such a mingling of all the characters that it seems quite hopeless to distinguish

different genera among them. If different genera be maintained, they can only be characterised by

one of the characters named above. In that case it would perhaps be the most natural thing to take

the confluent ambulacra as the distinguishing character; but then the name Kleinia Gray would have

the priority and would have to be revived instead of Toxobrissns — the more so as the name Toxo-

brissns can in no case become more than a synonym of Brissopsis, as Lambert informs me in a

letter. I, for my part, find it preferable to keep all the recent species in one genus, Brissopsis, instead

of dividing them in a rather artificial way into two (or more) genera.

1 The species mentioned above p. 163. The Brissopsis circcsemita described by Agassiz and Clark in their

recently published < Preliminary Report on the Echini collected, in 1902, among the Hawaiian Islands- (Bull. Mus. Comp.
Zool. L. 1907. p. 257) has confluent petals like those of luzonica and only three ambulacral plates included by the subanal

fasciole. The numero of the first plate reaching within the fasciole is unknown. The labrum is only staled to be nearly

straight; the pedicellariae are unknown.



ADDENDA ET CORRIGENDA.
Porocidaris purpurata W. Tli. Several specimens were taken by the Thor at 62 57' Lat. N.

19 58' Long. W. 957 M. (off Sonth Iceland) in 1903 and at 49 25' Lat. N. 12 20' Long. W. 1270— 11S0 M.

(off Southwest Ireland) in 1905.
— The Porocidaris elegans mentioned by Koehler in Eehinodermes

dn Caudans (226. p. 89) is, as Professor Koehler kindly informs me, P. purpurata.

In Part I. p. 173 I have established a var. Talismani of this species, characterised by the

upper primary radioles having the neck swollen in a fusiform manner and of a fine violet colour. The

specimens taken by the «Iugolf> have not the neck of the spines thus swollen, so that the specimens

from the Talisman*, which show that feature exceedingly developed must necessarily appear to me

at least a distinct variety. The additional material from the «Thor», however, shows that this variety

cannot be upheld. Among these specimens all transitions may be found from such specimens with

the neck of the spines not at all swollen to such with the neck of most of the upper spines consider-

ably swollen, and this swollen part of the spines is of a beautiful violet colour, which sometimes

continues almost to the point of the spines. The specimens upon which the var. Talismani was

established thus cannot be regarded as more than extraordinary beautiful specimens of P. purpurata.

— For the rest the swelling of the spines has been sufficiently represented by Wyv. Thomson

(«Porcupine»-Echinoidea. PI. LXI. Figs. 1, 4, 6) though he does not mention this peculiar feature in the

text. — It may be remarked that the neck is much longer in the upper spines than in those at the

ambitus and on the actinal side.

Tretocidaris annulata Mrtsn. The examination of some specimens of Tr. Bartletti (A. Ag.) in

the U. S. National Museum has convinced me that Tr. annulata is only a synonym of the latter

species. The description of this species given in the « Blake -Echinoidea is so very insufficient that

it is scarcely possible to recognise the species thereby, and even the Fig. 16. PI. II of the Blake -Ech.

gives a quite wrong representation of the ambulacra. In the description («Blake»-Echinoidea. p. 10) it

is said: «the poriferous zone is somewhat flexuous, the furrows more distant, and the median ambu-

lacral granulation finer, than in the other West India species of the genus*, and the figure shows the

ambulacra closely covered by tubercles, three on each plate, without any naked space in the middle.

But the ambulacra of this species are really as I have described for Tr. annulata (Part I. p. 17), each

plate bearing only one small tubercle at the lower edge, inside of the primary tubercle, leaving a

broad naked space along the median line. Only in the largest specimen (68
mm

)
is there in some of

the median ambulacral plates a third small tubercle inside the second tubercle, but still the naked
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median space is very conspicuous. Also the interambulacra are represented in this figure as having

no naked median line, whereas Tr. Bartletti really has a conspicuous naked median line in the inter-

ambulacra. — A specimen from the «Blake» St. 272, examined in the Museum of Yale College, also

agrees with the specimens in the U. S. National Museum, not with the said figure PI. II. 16. It thus

seems that the said figure has been made from another species, the figure being otherwise evidently

very carefully drawn. In case the figure really represents Tr. Bartletti correctly Tr. annulata must

be retained as a distinct species, to which the specimens seen by me in the U. S. National Museum

and the Museum of Yale College would have to be referred.

To the description of the species may be added, besides the peculiar feature already pointed

out in the description of Tr. annulata that the radioles are spinous almost exclusively along their

upper side, that the actinal radioles are almost smooth, slightly flattened, but not serrate along the

edge, and not widened towards the point. The primary ambulacral spines are narrow and pointed,

only about half as large as the spines round the radioles, not nearly of the same size as the latter,

as is stated in the description in the <Blake»-Echinoidea. The inner ambulacral spines have a distinct

«ampulla» on the upper edge. The differences in the globiferous pedicellarice of Bartletti and annulata

shown in Part I. PI. X. Figs. 22, 31 and Figs. 23, 30 are certainly not sufficient for maintaining two

species, the more so as this species has been shown by Agassiz and Clark in the recently published

work on the Cidaridtz 1 to vary considerably in regard to the pedicellariEe.
— As regards the genus

Tretocidaris which is rejected in this latter work I cannot take up the discussion here, but I hope to

have occasion soon to rediscuss the matter.

Hygrosoma Petersii (A. Ag.). Several specimens were taken by the «Thor in 1906 at 49° 20'

Lat. N. 12 39' Long. W. 1520 M. To this species must also be referred the specimens from the Bay of

Biscay mentioned by Koehler (Echinod. du < Caudan . p. 92) under the name of Phormosouia lucii/e/i-

tum, as Professor Koehler informs me in a letter.

Sperosoma Grimaldi Koehler. In Part I (p. 77. PI. IV. Figs. 4, 5) was described and figured a

young specimen of this species, 27""" in diameter. The figures (which were not drawn by myself)

are, however, too little detailed and do not show the structure of the test exactly. As it will be of

considerable interest to get some knowledge of the development of this very interesting genus, I give

here some detailed figures of parts of the test of the specimen mentioned. It would, of course, have

been desirable to have some younger stages, but such have not yet been found, and the present speci-

men is still young enough to be of value for the study of the development of this form.

The ambulacra on the actinal side already show the structure typical of the genus, the larger

primary plate of each set being divided into an outer, smaller, pore-bearing plate and an inner, larger

one without pore; this is the case also with those nearest the actinostome. As is well known the

inner ambulacral plates with the growth of the specimen pass on to the buccal membrane and there

develop into very broad, but short plates, which cover the whole buccal membrane. In the small

specimen 4 such plates, besides the inner one, the true buccal plate, are counted in each series; in a

1 A. Agassiz and H. Lyman Clark: Hawaiian and other Pacific Echini. The Cidarida;. Mem. Mus. Comp. Zool.

XXXIV. 1. 1907.
— This work was not received before most of the present work was printed, so that I was unable to take

it into consideration in my introductory remarks.
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larger specimen (130™™) I count 7—8 such plates in each series, all being provided with a pore. Of

the inner plate without pore no trace is seen, and since there is otherwise such a plate for each three

pore-bearing plates, this fact must mean that the poreless plate becomes absorbed on passing to the

buccal membrane. On the abactinal side it is seen that the larger primary plate is from the beginning

undivided; but already from the third or fourth the dividing line has appeared, though not easily

discernible before nearer to the ambitus. All the pores are distinct, only that of the inner small plate-

distinctly the larger, corresponding to the larger size of the tubefoot of this plate.

Fig. 27. Part of the actinal and abactinal side of the test of Sperosoma Grimaldi; 270"".

The genital and ocular plates are already separated by small anal plates, except the ocular

plate III which is still in contact with the adjoining genital plates. In younger stages the apical

plates will undoubtedly form a closed ring. The genital pores have not yet appeared; in a specimen

of 40
n,m diameter from the Fseroe Channel they have appeared, but the genital organs are still very

small. The ocular plates are rather large, with a peculiar radiating striation in the outer part. The

anal area is closely covered by numerous small plates, those at the outer edge being somewhat larger;

the inner ones are narrow and elongated, radially arranged round the anal opening.
— The gills

have not yet appeared in this specimen, but in the specimen of 40
mm

they are present, though still

very small.

This species was taken by the «Thor» at 62 57' Lat. N. 19 58' Loug.W. 957 M. in 1903 and at

6i° 15' Lat. N. 9 35' Long. W. 900 M. in 1904.
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oing og Havfiske. 1906. p. 82) certainly deserves to be named as a distinct variety; I propose to name

it var. fuscus n. var. As pointed ont (loc. cit.) it differs from the typical form in the lower form of

the test and in the uniformly red coloured spines, the spines of the typical form being generally violet

at the point, white in the lower part (occasionally the spines are green). According to Appeilof the

spines of this variety may vary considerably in colour, from beautifully cinnabar-red to green; in all

the specimens seen by me they are uniformly red. The spines are somewhat longer than is generally

the case in the typical form. The pedicellarise do not show any differences from those of the typical

form. The measurements given here show the considerable difference in height between the variety

and the typical form, though there is certainly some variation in this regard also.

Diameter Height Longest spines

Typical form
T,i
mm 22,nm 8"5

mm

Var. fusens T,i
mm i6mm 10—n ri-mm

This variety seems to be found exclusively in the North Sea. The specimens in our Museum

are from the following localities: 55 30' N. 1° E. 75 M., 56° 40' N. 2 16' E. 73 M. and 57 55' N. i° 20' E.

105 M. — It is evidently the same form which is mentioned by Th. Scott (Notes on some Scottish

Echinodermata. Ann. Scott. Nat Hist. 1892. p. 49), who also gives a figure of the naked test (PI. II.

Fig. 1).
He does not mention the colour of the spines.

— In a specimen of this variety, which I exa-

mined in the Berlin Museum, the spiues on the buccal plates were partly transformed into sphseridise,

all transitional stages being found between common spines aud true sphseridice. In my paper «Echi-

noderms from East Greenland* (Medd. om Gronland. XXIX. 1903. p. 77—78) I have taken the occasion

to mention that and given some figures thereof.

In the beautiful work of J. Lambert: ^Description des Echinides fossiles de la Province de

Barcelone. II— III. Echinides des Terrains miocene et pliocene ,' which I received after the printing

of the main part of the present work, so that it could not be taken into consideration there, some

important critical remarks are given, on which a few words may be said here.

The eenus Pareehiuus. established by me in Part I of this work for ^Eehimis;, miliaris, micro-

tuberculatus and angulosus, is not accepted by Lambert, wdio maintains that the \\a\\\ft Psammccliiiius

must be retained for this group, whereas the name Anapesus Holmes has to be used for the group

to which I have limited the genus Psammechinus, viz. P. variegatus (or Blainvillci Desm., as Lam-

bert shows to be its right name), scmituberculattcs etc. Lambert's reasons for maintaining this are,

that the older authors have taken miliaris as the type of the genus Psammechinus, and that variegatus

(Blainvillei) and the species of that group are not quite in accordance with the original diagnosis.

To this may be remarked that none of the previous authors have understood the real characters of

the genera of the Eehinida and allied groups.
2 I was the first to give exact diagnoses of these

1 Mem. Soc. Geol. de France. XIV. 1906.

2 Even Lambert himself has not the right conception of these genera. Ce qui distingue Psammechinus*, he says

(p. 67. note), «ce n'est pas seulement la presence de plaquettes imbriquees sur la membrane buccale, e'est la forme de son

peristome plus large, subdecagonal, e'est surtout l'homogeueite de ses majeures ambulacraires, toutes tuberculiferes, tandis

que chez Echinus adulte les majeures alternent, successivement tuberculiferes et granuliferes, comine celles de Toxopneustes*-

This is not correct; several species of Echinus, e. g. clegans, Alexandri a. o. have a primary tubercle on every ambulacral

plate
— but scarcely anybody, who knows these species in nature, not from literature alone, would think of excluding them

'*
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genera and limit them to the species really belonging together, as shown by the combined char-

acters of the test and the microscopical features of pedicellaria; and spicules. I therefore thought and

still think that I was justified in retaining for the first group included under the subgen. Psamm-

echinus in Agassiz & Desor's (Catalogue raisonne» the name Psammechimts, neglecting the prev-

ious authors' rather confused use of the name. It is true that the expression « point de fortes entailles

buccales -> in the original diagnosis does not suit well with P. varicgatus,
— when large specimens are

considered. But if we take specimens of medium size (and such were, I think, the specimens cited in

the said work) the diagnosis suits fairly well, the mouth-slits being really comparatively small. The

fact that Professor Doderlein has accepted the name Parcchinus also makes me confident that I

was right in taking varicgatus (Blainvillei) as the type of Psammechimts. In the other case it is right

that the name Anapcsus would have to be used for the latter genus; but it seems to me that, if

there is no necessity for reviving such a rather unfortunate name, it ought not to be done. And though

it is certainly no absolute claim that the first named species in a group has to retain the name of

this group in case of further subdivision (and, of course, in case that none of the species are designated

as the type) it seems to me a natural thing to do so, and in any case, the author who first charac-

terises the divisions of the old group is entitled to do so.

On the genus Brissopsis Lambert has given a careful study (p. 104—8), the results of which,

at first, appear to differ very much from the results of my studies. In reality they do not differ so

much, only Lambert has, from want of sufficient material of the recent species, been led to a wrong

interpretation of ^Brissus lyrifcru and thereby induced to use the names incorrectly. As the true

«,Brissus lyrifer» Lambert takes the form described above as Brissopsis atlantica, the « elongated type

of Brissopsis lyrifcra* of Agassiz. The form described above as Br. alta, the (globular type of Br.

lyrifcra* of Agassiz, Lambert identifies with nBrissus pulvinafus-. including within this species also

the form from the Northern Seas, the true Brissopsis lyrifcra. These erroneous premises given (— and

from the study of literature alone it would perhaps scarcely be possible to get any other result —
),

the conclusion is quite right, that Brissopsis lyrifcra and pulvinafus must be sharply distinguished. If

the right names are put in, viz. Br. atlantica instead of Lambert's Br. lyrifcra and Br. lyrifcra and

alta instead of Lambert's Br. pulvinafus,
1

it will be seen that Lambert's and my opinion are thus

far quite in accordance as regards these forms. Lambert refers them to different subgenera, viz. the

true lyrifcra (his pulvinatics) to the subgenus Brissoma Pomel, the Br. atlantica (his Br. lyrifcra) to-

gether with Br. luzonica to the subgenus Klcinia Gray. The latter name, however, ought to be

regarded only as a synonym of Brissopsis. This name was first used for the fossil species Br. clegaus,

with its petals of the same form as in luzonica etc. Lambert maintains Brissopsis and Klcinia as

two subgenera, distinguished by the character that one has the subanal fasciole <en anneau simple >

from the genus Echinus. The main character of the genus Parcchinus (Lambert's Psammechinus) is to be found in the

peculiar globiferous pedicellariae. But Lambert, the eminent specialist in fossil Echinoids, is not inclined to recognize the

microscopical characters, which cannot be used for the fossil forms. I think, however, that I am right in maintaining that

the recent species, which alone can be fully studied, must form the basis of our knowledge of the characters important for

classification. If microscopical structures like spicules and pedicellariae prove to be of the highest importance for distinguishing

the recent forms, we are certainly not entitled to ignore them on account of their not being preserved in the fossil forms.

We must, on the contrary, acknowledge that the fossil forms are thus far not preserved in a condition fit for complete study.
1 It is well worth emphasizing that in the European Seas only one form of Brissopsis occurs, viz. that with div-

ergent petals, so that there cannot be the slightest doubt of the interpretation of the ^Brissus lyrijer* of Forbes.
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the other has it en anneau appendicule par deux branches laterales , viz. the anal branches. Now

these anal fascioles are of very unconstant character, as repeatedly pointed out above — (they may
also occur in the true Br. lyrifera), and it is evidently impossible to ascribe to them any great

systematic importance. But then it follows that both Toxobrissus and Kleinia are synonyms only of

Brissopsis in its original meaning. If we have to subdivide the genus Brissopsis in its wide meaning,

it must then be as follows:

Subgenus Brissopsis s. str. (Syn. Toxobrissus, Kleinia.) Type Br. elegans; Br. luzonica, atlantica, Old-

hami, circoscinita.

Brissoma. Type Br. lyrifcra ; Br. alia, columbaris.

Further Br. pacifica and elongata would make a separate subgenus, and perhaps one more

separate subgenus would have to be established for the new species mentioned above, in which the

first of the plates included within the subanal fasciole is the 7th as in pacijica and elongata. How-

ever, as pointed out above (p. 168), it seems to me the most natural thing to keep them all together

in one genus on account of the peculiar intermingling of all the more important characters.

Lambert further includes under Brissopsis as subgenera: Plesiaster Pomel and Diplodetus

Sehliiter, which have the apex ethmophract. Though it is beyond doubt that the ethmolytic condi-

tion of the apex in the true Brissopsis has developed from an ethmophract condition, it seems to me

inappropriate to unite these different types in the same genus. I do not see, why we should be un-

able to keep in mind their close relation without uniting them into the same genus. The fact that

Hemiaster batnensis shows all transitional stages from an ethmophract to an ethmolytic condition can

scarcely justify uniting Plesiaster and Diplodetus with Brissopsis. (I am not aware that such trans-

itional forms are known in these genera.)

Also the genus Schizaster is made the object of a careful analysis by Lambert. Sell, canali-

ferus is made the type of a distinct genus, with the character of the pores of the anterior ambulacrum

in double series. The rest of the old genus Schizaster is subdivided into the two (recent) subgenera:

Paraster, with 4 genital pores (P. gibbcrulus), and Brisaster with 2 genital pores (Br. fragilis, lacu-

nosus).
— This subdivision again is the result of the lack of sufficient material of the recent forms.

If Lambert had had occasion to make a careful comparative study of the recent forms, he would

undoubtedly have seen that it is quite irrational to separate Sell, canalifcrus as a distinct genus from

lacunosus, orbignyanus etc. on account of the single feature of the double pores in the anterior ambu-

lacrum; these species otherwise agree so closely in all other features that it is evidently quite artificial

to separate them into different genera. Further, to unite lacunosus and fragilis in the same subgenus

can in no way be justifiable; I trust I have shown that beyond doubt (p. 120-123); probably Lambert

has not seen these species himself, otherwise he could scarcely have come to this conclusion. (The fact

alone that he characterises the subgenus Brisaster with type species : Br. fragilis as having two

genital pores seems to show this.)

I have above repeatedly alluded to the opinion of Lambert, that the names Spatangus and

Schizaster are not rightly used in the way generally accepted. Here he finally makes the change:

Schizaster canalifcrus is made the type of the genus Spatangus (the former genus Spatangus is called
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Prospata)igiis\ the name Scliizaster is retained for the rest of the species of this group. Further

Echinocardium is restored for (Moira) alropos.
— I may refer to my remarks above, p. 132, regarding

these unfortunate changes.

It is, indeed, quite discouraging with all the changes of the generic names, and it seems im-

possible to reach an arrangement which can be unanimously accepted. I think there is only one way
to get out of this almost insupportable condition of the nomenclature, viz. if all the Echinologists of

the present time meet to form an international committee and come to an agreement regarding all

the names of Echinoidea, one by one, and then publish a complete list of all the names finally adopted,

with their synonyms and complete history. From the date of publication of such a list the endless and

annoying discussions and the perplexing changes would cease — they will scarcely cease before. Per-

haps it would be necessary to do so also for other difficult groups; for a first trial the Echini would

be an excellent group, as the number of species and names is not so exceedingly great.



Geographical distribution of the Echinoidea of the

Northern Atlantic.

The revision of the Echinoidea of the Northern Atlantic given in this work leads to some

zoogeographical results which differ not inconsiderably from those laid clown in the careful and

extensive studies on the geographical distribution of Echinoidea in the works of Professor Agassiz,

the differences mainly resulting from the many corrections in the interpretation of the species and

genera of Echinoids, not from a disagreement in the principles and general treatment of the zoogeo-

graphy of this group of animals. In fact, I quite agree with Ortmaun (Grundziige der marinen Tier-

geographie. 1S96) in regarding Professor Agassiz' zoogeographical work on the Echinoids as «den

Gipfelpuukt der bisherigen tiergeographischen Forschung, wenigstens auf dem Gebiete des marinen

Litorals (p. 6).
— Quite recently Professor Doderlein has treated the distribution of the arctic and

subarctic Echinoidea (Arktische Seeigel. Fauna Arctica. IV. 2. 1905) very carefully, but in a way which

differs considerably, and, as it seems to me, not fortunately, from that in which Agassiz treats the

matter. My views thereof are far more in accordance with those of Professor Agassiz.

The study of the geographical distribution of the Atlantic species of Echini leads us to recognize

the following regions or districts: The Arctic littoral and abyssal, the European boreal, the Me-

diterranean, the West African tropical littoral and the East American littoral; further three

Atlantic Deep-Sea regions: the European, West African and East American. Each of these

regions is characterised by some species peculiar to it and by the absence of a number of species

occurring in the adjoining regions.

What limits these different regions is not the latitude and longitude, but the physical conditions

of the sea, above all the temperature. To take the Polar circle- or a line from the North Point of

New Foundland to the point of the Norwegian Coast which lies on the Polar circle as the limit of

the arctic or subarctic region, as is done in Doderlein's work, is arbitrary; it will scarcely be pos-

sible to produce scientific reasons for this limitation of the regions, which leads to such results as

to count e. g. Phormosoma placenta to the Arctic Fauna. — Just as the marine fauna of the Ber-

mudas really belongs to the tropical West Indian Fauna, though the islands are situated on 32 Lat. N.,

the Gulf Stream making the physical conditions suitable for tropical animals, in the same way the

fauna of the warm area of the Atlantic proceeds far towards the North, and conversely, the arctic fauna

far South, if the conditions are only suitable. Along the European side of the Atlantic the Gulf

Stream, as is well known, proceeds along the Coast of Norway even to the White Sea and produces

such physical conditions as to enable forms of the warm area to proceed to the North Cape, 71 Eat. N.,

whereas on the American side the cold Labrador Stream passes far towards the South, enabling the
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arctic fauna to proceed to Cape Cod, on 42 Lat. N., the latitude of Northern Spain. The study of the

geographical distribution of marine animals therefore must rest 011 the study of the physical conditions

of the sea.

It is a natural thing that it is upon the whole impossible to fix the limits of the different

regions very definitely. Most species pass over the limits, and very few species occur exclusively

within the limits of one region, whereas very many species are common to two or more regions.

There is thus generally a rather extensive area between the adjoining districts, where the species

peculiar to each district meet and intermingle, the fauna thus being composed of elements from the

two adjoining regions, without any forms peculiar to it. Such areas are e. g. the tract from the

Channel to Morocco on the European side and from Cape Cod to Cape Hatteras on the American

side of the Atlantic. — It is the same with the depth-limits of the regions. Most of the species

have a very extensive range in depth, several of them ranging even from quite shallow water down

to the great abysses (though it is generally easy to decide if a species is mainly littoral or abyssal)

The bathymetrical limits of the regions must then necessarily look somewhat arbitrary, from a

systematic point of view. But, on the other hand, Agassiz may thus far be fully justified in saying

((Challenger >-Echinoidea. p. 222) that < the divisions into littoral, continental and abyssal or oceanic are

not arbitrary; they represent in the present state of our knowledge of the depths of the oceans, bathy-

metrical lines of great physical importance. The littoral fauna extends over that shallow area of the

shores which is merely the extension under water of the shores themselves (to 100 or 150 fathoms);

the continental line represents the extent to which we may fairly assume that the lines of continents

have been modified, the limits within which probably subsidence and elevation as affecting continental

masses, or rather their shores, have taken place, to 450 or 500 fathoms, while the third region beyond

this, that which has been called abyssal or oceanic, undoubtedly represents those large areas of the

ocean floor which have remained unaffected through long geological periods*.

In Part I (p. 28) I have distinguished between the littoral belt, the sublittoral, archibeuthal and

abyssal belts. The littoral is reckoned from o—ca. 50 fathoms, the sublittoral from ca. 50
— ca. 300

fathoms, the archibeuthal from ca. 300— ca. 1500 fathoms, and depths greater than 1500 fathoms are

called abyssal. These divisions are certainly not so fortunate as those maintained by Agassiz, and I

therefore give them up and follow Agassiz, recognizing only three main bathymetrical divisions.

The littoral region I prefer to limit to the 100 fathoms; the next region then goes from 100 to 500

fathoms, viz. the archibeuthal region (
— this name seems to me preferable to the name «continental*,

which has also another meaning in Zoogeography), and the depths below 500 fathoms make the abyssal

region.
- - There is, however, no reason for maintaining these depth regions for all the districts. The

European boreal and the Mediterranean regions have in so far the same faunistic character throughout

their whole bathymetrical extension that not a single species is characteristic for the greater depths

alone, below the 100 fathoms line (except Spatangus Raschi, which is, however, probably only an im-

migrant into the European boreal region). The only difference is that the greater depths in these

regions are much poorer in Echinoids than the littoral regions, several species being strictly littoral,

as far as hitherto known. This especially holds good for the Mediterranean. — In a more detailed

account of each region there is reason for distinguishing between the strictly littoral, sublittoral
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regions etc., as is done excellently by Appellor (Op. cit); but in this more summary review of the

main regions there is no reason for entering on these minor subdivisions.

It is the merit of Professor H. F. E. J lingers en to have shown definitely that also in the

deep-sea separate regions may be distinguished.
1

Already on the Expedition of the « Lightning > in

1868 Wyville Thomson was struck with the physical and faunistic differences in the Faroe-Channel

between the <.cold area» and the «warm area* (^Depths of the Sea?); the discovery of the submarine

ridge across the Faroe-Channel thus far explained the fact that two so different areas could exist

close by one another without a mixing up of their characters. But the «Ingolf»-Expedition brought

evidence for the highly interesting fact that the whole of the deep basin of the sea North of

Iceland (the «Norwegiau Sea) forms a separate deep-sea region, distinguished by its low (negative)

bottom-temperature and by a peculiar deep-sea fauna, quite distinct from that of the Atlantic deep sea

South of Iceland. A submarine ridge across the Denmark Strait, from Greenland to Iceland, with a

depth of only ca. 300 fathoms, another ridge between Iceland and the Faroe Islands with about the

same depth, and finally the ridge across the Faroe Channel (330 fathoms) limit this large cold area

from the deep sea of the Atlantic South of Iceland, where the bottom-temperature is considerably

higher (the warm area). The «cold area» of Wyville Thomson is only the southernmost extension

of the large cold deep-sea area of the Norwegian Sea. — Probably also other parts of the deep sea

will prove to form definite regions; but our knowledge is still insufficient to state that definitely.

The Arctic littoral region comprises the whole of the Arctic Sea along the Northern Coasts

of Europe, Asia and America, being thus circumpolar; it extends towards the South as far as the ice-

cold polar water extends. On the European side the Gulf Stream restricts its limits very much, so

that it does not pass beyond a line from about the South end of Nova Zemlja to the South end of

Spitsbergen, except along the Northern Coast of Russia, where it proceeds to the White Sea. All

Greenland and the North American Coast down to Cape Cod belongs to this region.
— Only two

species of Echini occur in this region, viz. Strongylocentrotus drobachiensis and Echinarachnius parma,

the latter only at the American Coast; both of them proceed far towards the South, beyond the Arctic

region, Sir. drobachiensis to the Channel on the European, to New Jersey on the American side,

Echinarach. parma to Chesapeake Bay. As pointed out by Doderlein (Op. cit.) both of them probably

must have come from the Northern Pacific, wandering towards the East from the Behrings Strait. While

Echinarachnius parma has still not reached beyond the American Coast, not even to Greenland, Str.

drobachiensis has reached as far as Taimyr on the Siberian Coast; between Taimyr and the Behring

Strait it has not been found. It is thus not strictly circumpolar.
— It would be very interesting to

learn if Echinarachnius parma does really occur along the whole North Coast of North America. It

is known as far North as Labrador (Belle Isle Strait) on the Atlantic Coast, as far as Point Belcher

on the Alaskan Coast. The fact that it does not occur at Greenland might perhaps indicate that it

is not found along the whole of the North American Coast. In that case the explanation of its

occurring in two isolated places, on the Atlantic and on the Pacific Coast of North America, would

probably have to be sought for in the oscillations of the climate after the Ice Period. It has been

1 Fra 1 Ingolf >-Expeditioneu. Beinserkninger om Dybhavsfaunaen og dens Fordeling i de nordlige Have. Geografisk

Tidsskrift. Bd. XIV. 1897.

23*
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shown by Ad. S. Jensen 1 that in postglacial time Greenland has had a period of milder climate, when

forms snch as Zirphcea crispata occurred along the Greenland Coast; this bivalve now has its Nor-

thern limit at the Gulf of St. Lawrence — as seems also to be the case with the Atlantic Echinarach-

nius parma. During that milder period the extension of this species along the Northern Coast of

America from the Pacific to the Atlantic may have taken place (

— or it may even have taken place

before the Ice Period —
).

Until a careful zoological exploration of the waters to the North of America

has been undertaken, it is impossible to state anything more definitely about this question.

Echinus csculcntus also occurs at Spitsbergen, according to L, tit ken. 2 This statement is reg-

arded as very doubtful by Michailovskij.3 In any case this occurrence would not justify counting

Ecli. esculentus among the species of the Arctic littoral region. The Gulf Stream still makes itself

felt even at the Southwestern end of Spitsbergen, which would account for the presence of this species

here. It will certainly not be found at the East and North Coast, to which the Gulf Stream does

not reach.

The Arctic abyssal region comprises the deep basin of the sea to the North of Iceland, where

the bottom temperature is negative. It is limited from the deep-sea of the Atlantic South of Iceland by

the three submarine ridges: one passing over the Denmark Strait from Iceland to Greenland, another

from Iceland to the Faroe Islands and the third from the Faroe Islands to the Hebrides. The north-

ern limits of this region are still unknown. — Only one species of Echini occurs in this region, viz.

Pourtalcsia Jeffreysi. It is true that Eclii>ms Alexandri and Spatangus Raschi have been recorded a

single time each from a considerable depth and negative bottom temperature off Norway; but these

cases are undoubtedly quite exceptional, the former species decidedly belonging to the Atlantic deep-

sea Fauna, the latter to the boreal and the Atlantic Fauna.

Pourtalcsia Jeffrcysi has been recorded several times from the Atlantic, both the European and

the American side, but, as has beeu shown above, this is due to a confusion with the nearly related

Pourt. Wandeli. In reality Pourt. Jeffrcysi is known only from the arctic abyssal region. Its bathy-

metrical extension is rather great, from 125
—

1300 fathoms; but it scarcely ever occurs where the

bottom temperature is positive.

Pourtalcsia Jeffrcysi is nearest related to P. Wandeli, the species widely distributed in the

warm area of the Atlantic Deep Sea; it may be said with certainty that P. Jeffrcysi has beeu devel-

oped from a form very much like this species (perhaps the ancestor of both P. Wandeli and Jeffrcysi),

which was probably distributed over the whole of the Northern Atlantic, thus north of the ridges also,

at a time when a more uniform climate prevailed there. When the recent conditions developed the speci-

mens to the North of the ridges were thus isolated and developed into a separate species. Or perhaps

the ancestor of the species wandered into the northern region, after its physical conditions had become

like those now prevailing there. This, of course, caunot be decided; but in any case P. Jeffrcysi was

1 Ad. S. Jensen. On the Mollusca of East Greenland. I. Lamellibranchiata. With an Introduction on Greenlands

fossil Mollusc-Fauna from the quaternary time. Meddelelser om Gronland. Vol. XXIX. 1905.
2 Chr. Liitken. Et Bidrag til Kundskab om Spitzbergeus Echinoderm-Fauna. (Vidensk. Medd. Naturh. Foren.

Kobenhavn. 1S71. p. 305.)

3 M. Michaiiovsklj. Zoologische Ergebnisse der Russischeu Expedition nach Spitsbergen. Echiuodermeu. (Ann.

Mus. Zool. de l'Acad. Imp. St. Petersbourg. VII. 1902.)
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certainly developed lure and appears as a typical example of a species which has developed in an

isolated locality with very special physical conditions. It is quite in accordance with this that P.Jef-

freysi is among the most specialized species of the group of Pourtalesise to which it belongs.

The European boreal region comprises the Atlantic littoral regions of Europe, from the

Channel to Northern Norway (East-Finmark), Iceland, Faroe-Islands and Great Britain; including, of

course, both the North Sea, Skagerrak, Kattegat and the Baltic, as far as Echinoderms occur there,

further the large plateau along the Norwegian Coast as far out as to where the negative bottom

temperature occurs (the arctic abyssal region), which is very nearly coincident with the 500 fa-

thoms line.

The littoral tract from the Channel to Gibraltar might thus far be reckoned to the boreal

region, as some of the species characteristic of that region also occur here; but on the other hand

several of the species characteristic of the Mediterranean region extend along this tract towards the

Channel and the Southern Coasts of Britain. Thus two faunas meet here and intermingle, this tract

representing, in fact, a transitional region. It is by the Malacologists generally called the Lusi-

tanian region or province; from an echiuological point of view there is no reason to accept it as a

distinct region.

The following species are known from this region:

Dorocidaris papillata Paracentrotus lividus Spatangus Raschi

Parechiuus miliaris Strongylocentrotus drobachieusis Echiuocardium flavescens

Echinus esculeutus Sphsereehinus granulans
—

penuatifidum
— acutus Echinocyamus pusillus

— cordatum

—
elegaus Hemiaster expergitus mediterraneum

tenuispinus Brisaster fragilis Brissopsis lyrifera.

Alexandri Spatangus purpureus

Of these species the following are characteristic of this region: Parechinus miliaris, Echinus

esculentus, tenuispinus and Echinocardium pennatifidum. The first named extends to the African Coast

and perhaps a little into the Mediterranean. Ech. esculentus probably has its southern limit in the

Bay of Biscay. (The statements of its occurrence in the Mediterranean, at South Africa and Brazil

are probably all erroneous). Echinus tenuispinus is hitherto known only from the Porcupine Bank

and the Shetlands, Echinocardium penuatifidum is known from the Faroe Islands to the Gulf of Gas-

cogue. (The statement of its occurrence in the Mediterranean has been shown above to be erroneous,

and probably also the statement of its occurrence at the American Coast will turn out to be due to

a confusion with another species). That these four species have originated within this region seems

beyond doubt.

The following species are common to the boreal and the Mediterranean region : Echinus acutus,

Echinocyamus pusillus, Spatangus purpureus, Echiuocardium flavescens, cordatum and Brissopsis lyri-

fera. Most of them show a tendency towards developing a special Mediterranean variety, but the

characters are still upon the whole not very prominent. All these species have also been recorded

from the American Coast, but with the exception of Echinocardiuni cordatum, which seems to be
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almost cosmopolitan, the statements are, as far as I have been able to ascertain, all founded on wrong

determinations. (Of Echinocardiurn Jlavescens I have not myself seen American specimens, but the

descriptions point towards the American form representing a distinct species ; comp. above p. 136).

One species, Spatangus Raschi, is common to the boreal and the European and West African

Atlantic regions. The following species have a wide distribution in the whole of the Northern At-

lantic: Dorocidaris papillafa. Echinus Alexandri, elegans, Brisaster fragilis and Hemiastcr expcrgitus.

Two of these species have as yet only been found a single time in the boreal region, viz. Echinus

Alexandri and Hcmiaster expcrgitus, and are perhaps only occasional visitors there. Dorocidaris pa-

pillata, Echinus elegans and Brisaster fragilis are widely distributed on the Norwegian plateau, but

they must evidently be regarded as intruders from the Atlantic region, which may perhaps also hold

good for Spatangus Raschi. To suppose that they should have originated in the comparatively small

area along the Norwegian Coast and from there have spread over most of the Northern Atlantic

[Dorocidaris papillata also to the Mediterranean) would not seem very reasonable, whereas on sup-

posing their home to be the Atlantic region their extension over the Norwegian Coast-Plateau becomes

easily intelligible on account of the considerable influence of the Gulf Stream there. One of them at

least, Dorocidaris papillata, has pelagic larvse, which must facilitate the spreading over wide areas.

One of the species occurring in the boreal region, Strongyloccntrohts drobachiensis, is beyond

doubt an intruder from the Arctic littoral region. In the same way Paracentrotus lividus and Sph&r-

echinus granularis, which occur in the southernmost part of the regions are intruders from the Medi-

terranean and West African regions.

On the American side there is no region corresponding to the European boreal region. The

Arctic region here proceeds so far southwards and the tropical region so far northwards that there is

no room for another region. The short tract from Cape Cod to Cape Hatteras forms an intermediate

zone, where the faunas of the two regions meet and intermingle, corresponding to the Lusitauian dis-

trict on the European side of the Atlantic.

The Mediterranean region comprises, besides the whole Mediterranean Sea, the littoral zone

of West Africa down to about Cape Bojador, the Canaries, Madeira and the Azores. On account of

our very insufficient knowledge of the littoral fauna of West Africa it is for the present impossible to

give the southern limit of this region more exactly. Perhaps it ought really to go down to Cape

Verde; it seems, however, more probable that the tract from Cape Verde towards Cape Bojador will

prove to be the intermediate zone between this and the West African tropical region.

It may be concluded from the fact that the connection between the Mediterranean and the

Atlantic through the Gibraltar Strait is of comparatively very recent origin, that several forms of its

present fauna of Echiuoids have immigrated from the Atlantic. In accordance with this is the fact

that ilo true deep-sea Echinoids are found in the Mediterranean; they have not been able to pass

the Gibraltar Strait, where the greatest depth is only about 300 M., as is also the case with the cold

water from the deeper layers of the Atlantic, the bottom temperature in the Mediterranean being 13

even to the greatest depths, more than 4000 M.

The following species of Echiuoids are known from this region:



ECHINOIDEA. II.
183

Dorocidaris papillata Echinus acutus Spatangus purpureus
Cidaris affinis — melo Echinocardium flavescens

Diadema antillarum Paracentrotus lividus intermedium

Centrostephauus longispinus Sphserechinus granulans mediterraneum

Arbacia pustulosa roseus — cordatum

Genocidaris maculata Echinocyamus pusillus Brissus unicolor

Pareehinus miliaris Neolampas rostellata Brissopsis lyrifera

microtuberculatus Schizaster caualiferus Metalia Costce.

The Mediterranean region is characterized by the following species: Ccntrostepha?ius longispinus,

Arbacia pustulosa, Paracentrotus lividus, Spharechinus granulans, roseus, Pareehinus microtuberculatus,

Echinus inch, Schizaster canaliferus, Echinocardium mediterraneum. intermedium and Metalia Costa.

Three of these species: Schizaster canaliferus , Echinocardium intermedium and Metalia Costa: are

hitherto known only from the Mediterranean {Spharechinus roseus it is better to leave out of consi-

deration, as its specific value is not beyond doubt). Whereas Echinocardium intermedium may well

turn out to occur also outside the Mediterranean, being not so easily distinguished, this can scarcely

be the case with Schizaster canaliferus
1 and Metalia Costa, since they are so very characteristic that

it seems hardly possible that they can have been overlooked. It seems then certain that these species

have developed in the Mediterranean in earlier times, before the recent conditions of this sea were

arrived at, and are thus survivors from its previous fauna. This is, at all events, the case with Sch.

canaliferus, which is known as fossil from the Miocene of Italy.
2 Mazzetti further records as occur-

ring in the Miocene of Italy: Spatangus purpureus and Brissopsis lyrifera, as also Echinolampas de-

prcssa, now known only from the American side of the Atlantic. On the other hand no Echinus-species

is recorded; it thus seems that Echinus acutus and melo must have immigrated from the Atlantic into

the Mediterranean after the formation of the Straits of Gibraltar. — The recent immigration through

the Suez Canal from the Red Sea of Hcterocoitrotus mamillatus recorded by Gauthier (160. p. 403)

and Ludwig (Echinodermen d. Mittelmeeres. p. 556) is shown by Fourtau (Contribution a l'etude des

Echinides vivant dans le Golfe de Suez. p. 414) to be very improbable.

Centrostephauus longispinus is not known to occur outside this region, whereas the rest of the

species named above proceed into the adjoining regions: Paracentrotus lividus, Spharechinus granu-

laris, Echinus melo and Echinocardium mediterraneum more or less into the boreal region, Arbacia

pustulosa, Spharechinus granulans, Pareehinus microtuberculatus and Echinus melo into the West

African tropical region, at least to the Cape Verde Islands. Finally Arbacia pustulosa also occurs at the

Brazilian Coast. These species must probably all have originated in this region
— and probably in the

Atlantic part of it — from which they have then spread more or less widely into the adjoining regions.

The following species are common to the Mediterranean region and the East American region:

Dorocidaris papillata , Cidaris affttiis , Diadema antillarum, Arbacia pustulosa, Genocidaris maculata,

Neolompas rostellata, Echinocardium cordatum and Brissus unicolor.* Of these Diadema antillarum

1 The record of the occurrence of this species at the American Coast of the Atlantic is caused by a confusion with

Sch. orbignyanus, as has been shown above, p. 117.
2 Mazzetti: Catalogi degli Echinidi fossili della collezione Mazzetti. Mem. Acad. Modena. 2. Sen XI. 1895.

3 The occurrence of Eckinocardium flavescens at the American Coast is not beyond doubt.
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undoubtedly has its home in the East American region, but has crossed the Atlantic, its pelagic larvae

having been transported by the streams. (It is true that the larva of this species is still unknown,

but the occurrence of the species on both sides of the Atlantic makes it almost beyond doubt that it

must have pelagic larvae). Arbacia pustulosa, on the other hand, has its home in the Mediterranean

region and has from there crossed the Atlantic to the Brazilian Coast. The course of the Gulf-Stream

from Florida to the Azores, and of the Northern Passat-Stream from West Africa to Brazil and the

West Indies naturally explains this extension of the two species in opposite directions. Ecliinocardium

cordatum probably also has its home at the European side of the Atlantic, where its main distribution

is; for the rest of the species: Dorocidaris papillata, Cidaris affinis, Genocidaris maculata, Neolampas

rostellata and Brissits unicolor it is scarcely possible to state more precisely, where their original home

must be sought for, as they seem to be equally widely distributed in both regions, the first of them

even ranging over the whole of the Northern Atlantic.

The rest of the species occurring in this region, viz. Parccliiims miliaris, Echinus aciitus, Eclii-

cyamiis pusillus, Spatangus purpureus, Ecliinocardium flavesccns and Brissopsis lyrifcra are common to

this region and the European boreal region. Parechinus miliaris is certainly only an intruder from

the boreal region. The fact that Spataugus purpureus and Brissopsis lyrifcra are found already in the

Miocene of Italy makes it rather probable that their original home is in the Mediterranean, from

which they have extended over a considerable part of the Atlantic, though probably not to the Amer-

ican side. For Echinus acutus, Echinocyamus pusillus and Ecliinocardium flavesccns it is scarcely pos-

sible to say more definitely which of the two regions must be regarded as their original home; it can

only be said that Echinus aciitus has probably immigrated into the Mediterranean after the formation

of its recent connection with the Atlantic.

The West African tropical region comprises the tract from Cape Verde and the Cape Verde

Islands to about the mouth of the Congo; it is, however, comparatively little known, and possibly its

southern limit will prove to go somewhat farther down towards the Cape, the littoral fauna of this

southern part of the African Coast being almost completely unknown. — Perhaps also St. Helena and

Ascension rightly belong to this region. Their littoral fauna is, however, too imperfectly known to

say anything certain thereof at present.
1

The following species are recorded from this region:

Dorocidaris nuda Echinus melo Echinolampas Hellei

Cidaris tribuloides Sphterechiuus granulans Echiuoneus cyclostomus

metularia Tripueustes esculentus Schizaster Edwardsi

Tretocidaris spinosa —
gratilla (angulosus) Brissus unicolor

Diadema antillaruin Echinometra lucunter Rhabdobrissus Jullieni

Arbacia pustulosa Clypeaster subdepressus Metalia Africana

Genocidaris maculata Rotula Augusti Meoma ventricosa.

Parechinus microtuberculatus — Rumphii

1 In the Report on the Fauna of Ascension (Ann. Mag. Nat. Hist. 5. Ser. VIII. 1881) the following Echinoids are

named (identified by Professor F. J. Bell): Cidaris metularia, Diadema setosum, Tripueustes angulosus, Echinometra sub-

angu/aris, Echinoneus cyclostomus and Rotula deniata. It seems, indeed, very remarkable that no less than three Indo-Paeific

forms are represented in this locality, viz. Cidai is metularia, Tripueustes angulosus (= gratilla) and Echinoneus cyclostomus,
and one can scarcely suppress a doubt, whether they are not really Cidaris tribuloides, Tripn. esculentus and Echiuoneus
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Of these species the following are known from this region alone: Dorocidaris nuda, Rotu la

Augusti, Rutnphii, Echinolampas Hellei (the Ech. Blanchardi Cotteau is probably only a synonym of

this species), Sckizaster Edwardsi, Rhabdobrissus Jullieni and Metalia africana; whilst Tretocidaris spi-

nosa is known only from St. Helena.

From the Mediterranean region have probably immigrated: Arbacia pustulosa, Parechinus micro-

tubercutatus, Echinus melo and Sphcsrechinus granulans, from the East American region: Cidaris tri-

buloides, Diadema antillarum, Tripneustes esculentus, Echinometra lucunter, Clypeaster subdepressus

and Meoma ventricosa. The two species Genocidaris maculata and Brissus unicolor, as stated above,

occur, both in the Mediterranean and East American region. It is worth noticing that the species

Cidaris tnbitloidcs, Tripneustes esculentus, Echinometra lucunter, Clypeaster subdepressus and Meoma

ventricosa are not known from the Mediterranean region. Judging from the currents they (viz. the

larvae) must have passed through the latter region; it is then probably the temperature which is not

high enough here to suit them.

The East American littoral region comprises the whole, very extensive tract from the mouth

of La Plata in the South to Cape Hatteras in the North. Certainly many of the species of this region

do not proceed so far towards North or South, but it is scarcely possible to distinguish more than

one region here. Its centre is the West-Indies; from here the species extend more or less in both

directions, the North American and Brazilian Coast thus having upon the whole a considerably poorer

Echinoid-Fauna than the West Indies, without species peculiar to them (except Paracentrotus Gaimardi

which is hitherto known only from the Coast of Brazil).

This region, together with the East American deep-sea region, is by far the richest of all the

Atlantic regions and among the richest of the world. No less than 48 species are known from the

East American littoral region against 24 species from the Mediterranean, 23 from the West African

tropical, and 20 from the European boreal region. The following species are known from the East

American littoral region:

Dororidaris papillata

abyssicola

Cidaris affinis

— tribuloides

Tretocidaris Bartletti

Aspidodiadema Jacobyi

Diadema antillarum

Arbacia punctulata
—

pustulosa

Coelopleurus floridanus

Salenia Pattersoni

Trigonocidaris albida

Genocidaris maculata

Echinus gracilis

Paracentrotus Gaimardi

Psammechinus variegatus

Tripneustes esculentus

Echinometra lucunter

viridis

Clypeaster latissimus

Ravenellii

— subdepressus

Echinanthus rosaceus

Mellita sexforis

Mellita testudinata

Encope marginata

Michelini

Echinoneus semilunaris

Echinolampas depressa

Couolampas Sigsbei

Rhyncopygus caribbsearum

Palseotropus Josephinse

Paljeopneustes cristatus

— hystrix

Linopneustes longispinus

Palceobrissus Hilgardi

semilunaris As long, however, as we know almost nothing of the littoral fauna of St. Helena and the West Coast of Africa

South of Congo, we cannot deny the possibility of the occurrence of these species at Ascension; the streams of the Southern

Atlantic at least would easily account for their occurrence there, if the}- were only found off South Africa. But only Cidaris

meiularia has been recorded from there, and only from older collections (Rev. of Ech.).

The Ingolf-Expedition. IV. 2. 24
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Agassizia excentrica Moira atropos Metalia pectoralis

Periaster limicola Macropneustes spatangoides Meoma ventricosa

Brisaster fragilis Echinocardium cordatuin Brissopsis elongata

Schizaster orbignyanus Brissus unicolor atlantica.

A considerable part (31) of these species exclusively belongs to this region, not occurring else-

where, viz.

Dorocidaris abyssicola

Tretocidaris Bartletti

Aspidodiadema Jacobyi

Arbacia punctulata

Echinus gracilis

Paracentrotus Gaimardi

Psammechinus variegatus Couolampas Sigsbei

Echinometra viridis Rhyncopygus caribbaearum

Clypeaster latissimus Palceotropus Josephinse
— Ravenellii Palaeopneustes cristatus

Echinanthus rosaceus

Mellita sexforis

— testudinata

Encope marginata
— Michelini

Echinoneus semilunaris

Echinolampas depressa

Palseopneustes hystrix

Linopneustes longispinus

Pakeobrissus Hilgardi

Agassizia excentrica

Periaster limicola

Schizaster orbignyanus

Moira atropos

Macropneustes spatangoides

Metalia pectoralis

Brissopsis elongata

Several of these species also occur in the deeper regions, the limit between the littoral and

archibenthal zones being here especially arbitrary and not expressed in the bathymetrical distribution

of the species.

Besides the above named 31 species the following are also really characteristic of the region,

but have crossed the Atlantic, thus occurring in the Mediterranean or West African tropical region :

Cidaris tribuloidcs, Diadema antillarum, Tripueustes esculentus, Echinometra lucunter, 1

Clypeaster sub-

depressus and Meoma ventricosa. Two species, viz. Salenia Pattersoni and Coeloplcurus floridanus also

occur at South Africa; it is scarcely possible to say, where their original home is.

Among the rest of the species occurring in this region one, Arbacia pustulosa, is an intruder

from the Mediterranean region, while the remaining are either widely distributed over the Northern

Atlantic, viz. Dorocidaris papillata, Brisaster fragilis, or at least common to two or more regions, viz.

Cidaris affinis, Trigonocidaris albida, Genocidaris maculata, Echinocardium cordatuin, Brissus unicolor

and Brissopsis atlantica
(?). Forj the present, at least,j it is impossible to say whether these belong

originally to one or the other of the regions.

The Atlantic deep-sea regions. Though the physical conditions of the deeper regions appear

to be of a very uniform character over the whole Atlantic, it is evident that the Echinoids occurring in

the deeper regions are not all uniformly distributed over the whole Atlantic within the limits of their

bathymetrical distribution. Some species appear to occur exclusively at the European side of the At-

lantic, others only at the American side, while others still are known only from the Southern part of

the Atlantic. It seems therefore necessary to distinguish three Atlantic deep-sea regions, viz. the

European, the East American and West African. Undoubtedly several of the species hitherto known

from only one of these regions will prove to be more widely distributed, but on the other hand several

of the species are so well known and characteristic that it may be regarded as certain that they can-

1 A very nearly related species, Eckinomc/ra prisca, is described by Cotteau from the Miocene of Angnilla. (De-

scription des Echinides tertiaires des lies St. Barthelemy et Anguilla. Sv. Vet. Akad. Hand! XIII. 1875.)
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not have been overlooked in the regions, from where they are hitherto not recorded. It seems then

really to be the ease, that also the Atlantic deep sea comprises several distinct regions, though it seems

impossible for the present to point out special physical characters, which distinguish the separate re-

gions. As seen in Gerh. Schott's admirable Oceanographie und maritime Meteorologies the bottom

temperature is in the whole Atlantic, in depths beyond 1000 M., over 2°. Only in the Davis Strait

and in the large Brazilian basin to the West of the midatlantic ridge (from near St. Paul down to the

antarctic sea) the temperature is below 2°. But this difference in the temperature does not seem to

be sufficient to cause corresponding marked differences in the deep-sea Echinoid-fauna.

The subdivision of the deep-sea regions into an archibenthal and abyssal zone is upon the whole

not supported by the bathymetrical distribution of the species; most of the species occurring in the

abyssal zone also occur in the archibenthal zone, and probably several of the species hitherto not

known beyond the archibenthal zone will ultimately prove to have a greater bathymetrical distribution.

Still it is worth noticing that the Meridosternata almost exclusively belong to the abyssal zone.

The European Atlantic deep-sea region comprises the Northern Atlantic, to the East of a

line from the Denmark Strait to the Gibraltar Strait.2 It is limited from the cold area of the Nor-

wegian Sea by the ridges across the Denmark-Strait, the Faroe-Channel and between Iceland and the

Faroe Islands.

The following species are known from this region :

Trigonocidaris albida

Hypsiechinus coronatus

Echinus eseulentus

— acutus

—
elegans

— Alexandri

affinis

Strongylocentrotus drobachiensis Spataugus purpureus

Sphaerechiuus granulans — Raschi

Echinocyamus pusillus Echiuocardium flavescens

Neolampas rostellata Brissopsis lyrifera.

Of these species we may first eliminate the following as occasional intruders from the boreal

and Mediterranean regions: Ecliiuus eseulentus, Strongyloccntrotus drobachiensis, Spliarcchiniis granu-

laris and Echiuocardium flavescens. Of the rest the following are known from this region only: ArcB-

osoma violaccum, Echinosoma uranus, Hypsiechinus coronatus, Plexecliinus hirsutus, Ecliinosigra (Pour-

talcsia) pliiale and paradoxa. Porocidaris purpurata and Sperosovia Grimaldi are known only from this

and the West African region. These species are, however, (except Porocidaris purpurata and Spero-

sovia Grimaldi) either small or easily confused with other species. It is certainly not much to

characterize the region by, but especially Porocidaris purpurata and Spcrosoma Grimaldi are so mag-

nificent and peculiar forms that they can certainly not have been confused with other species; the

Dorocidaris papillata

Stereocidaris ingolfiana

Porocidaris purpurata

Phormosoma placenta

Calveria hystrix

Araeosoma tenestratum

violaeeum

Hygrosoma Petersi

Sperosoma Grimaldi

Echinosoma uranus

Salenia hastigera

Urechinus naresianus

Plexecliinus hirsutus

Pourtalesia Wandeli

Echinosigra (Pourtalesia) phiale
— paradoxa

Hemiaster expergitus

Brisaster fragilis

1 Wissensch. Ergebn. d. deutsch. Tiefsee-Exp. I. 1902.

2 The limit between the European and the East American Atlantic deep-sea regions will undoubtedly prove not to

be a straight line of the course here indicated. P'or the present, however, our knowledge of the deep-sea fauna of the Mid-

Atlantic is too insufficient for pointing out the limit between these regions more exactly.
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Dorocidaris papillata

— nuda

Porocidaris purpurata

Phorraosoma placenta

Hygrosoma Petersi

Sperosoma Grimaldi

Dermatodiadema antillarum

Salenia hastigera

Trisrouocidaris albida

Genocidaris maculata

Echinus atlanticus

— Alexandri

— affinis

Echinocyatnus pusillus

—
grandiporus

— macrostomus

Calymue relicta

Cystechinus clypeatus

presence of these species and the absence of several remarkable American forms then really seems

to mark this part of the Atlantic deep-sea as a separate region, distinct from the American deep-sea

region. It is also worth noticing that the Phormosoma placenta of this region appears to be somewhat

different from the American form (the Var. Sigsbei).

The West African Atlantic deep-sea region comprises the tract from the Azores to about

St. Helena. With the exception of the sea off the Azores it is very imperfectly known, and the whole

«region» will perhaps prove to be untenable, though it now appears to have several species peculiar

to it. — The following species are known from this region:

Aceste bellidifera

Palasotropus Hirondellei

Peripatagus ductus

Homolampas fragilis

Hemiaster expergitus

Spatangus purpureus
— Raschi

Brissus Damesi

Brissopsis atlautica(?)

Of these the following species are known from this region only: Dorocidaris nuda (also littoral),

Echinus atlanticus, Echinocyamus macrostomus, Calymnc relicta, Cystechinus clypeatus, Palccotropus Hi-

rondellei and Peripatagus ductus. Probably, however, several of these species will prove to have a

considerably wider geographical range, and this region upon the whole is very problematic; especially

it might be more natural to include the Sea off the Azores in the European atlantic region.

The East American Atlantic deep-sea region comprises the whole western half of the At-

lantic, from the Davis Strait to at least off La Plata, and perhaps even farther southwards. Also the

Caribbean Sea and the Mexican Gulf belong to this region. It is, of course, not sharply limited from

the East American littoral region, several species ranging from the littoral to the abyssal zone.

No less than 74 species are known to occur in this region, which is thus by far the richest of

all the Atlantic regions. These species are:

Dorocidaris papillata Hygrosoma Petersi

Tromikosoma Koehleri

Aspidodiadema Jacobyi
— tonsum

Dermatodiadema antillarum

Diadema antillarum

Hemipedina cubeusis

—
abyssicola

Blakei

— micans

Cidaris affiuis

— tribuloides

Tretocidaris Bartletti

Stereocidaris ingolfiaua Arbacia punctulata

Histocidaris Sharreri Podocidaris scutata

Phormosoma placenta sculpta

var. Sigsbei Coelopleurus floridanus

Calveria hystrix Salenia goesiana

Arseosoma fenestratum — Pattersoni

Belli —
varispina

Salenia hastigera

Trigonocidaris albida

Genocidaris maculata

Echinus elegans

gracilis

— Alexandri

affiuis

Strongyloceutrotus drobachieusis

Psammechiuus variegatus

Tripneustes esculentus

Echinometra lucuuter

Pygastrides relictus

Echinocyamus grandiporus

Clypeaster latissimus
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Clypeaster subdepressus

Echinanthus rosaceus

Echinarachnius parma
Mellita sexforis

Neolampas rostellata

Echinolampas depressa

Conolampas Sigsbei

Rhyncopygus caribbsearum

Urechiuus naresianus

Ponrtalesia miranda

— Wandeli

Aeropsis rostrata

Aceste bellidifera

Pakeotropus Josephinse

Tlionisoni

Homolampas fragilis

Palteopneustes cristatus

—
hystrix

Linopneustes longispinus

Palseobrissus Hilgardi

Hemiaster expergitus (Mentzi)

Agfassizia excentrica

Pcriaster limicola

Brisaster fragilis

Schizaster orbignyanus

Macropneustes spatangoides

Brissus unicolor

— Damesi

Metalia pectoralis

Meoma ventricosa

Rhinobrissus micrasterioides

Brissopsis alta

atlantica.

Of these species two may be eliminated as intruders from the Arctic littoral region, viz. Stron-

gyloeeutrolus drobachicnsis and Echinarachnius parma, while some other species are only occasional

visitors from the littoral region, viz. Cidaris tribuloides, Diadcma antillarum, Arbacia punctulata, Cly-

peaster subdepressus, Echinanthus rosaceus, Rhyncopygus caribba-arum, Metalia pectoralis, Meoma ven-

tricosa and Brissus unicolor. The same probably holds good for Psammechinus varicgatus, Tripneustes

esculentus, Echinometra lucuittcr and Mellita sexforis. Of the rest the following species are known

also from the European or African side of |the Atlantic:

Dorocidaris papillata

Cidaris affinis

Stereocidaris iugolfiana

Phormosoma placenta

Calveria hystrix

Araeosoma fenestratum

Hygrosoma Petersi

Dermatodiadema antillarum

Salenia hasti°;era

Trigonocidaris albida

Genocidaris maculata

Echinus elegans
— Alexaudri

— affinis

Echinocyamus grandiporus

Clypeaster subdepressus

Neolampas rostellata

Urechinus naresianus

Ponrtalesia Wandeli

Aceste bellidifera

Homolampas fragilis

Hemiaster expergitus

Brisaster fragilis

Brissus Damesi

Brissopsis atlantica (?).

Further two species, Salenia Pattcrsoni and Cocloplcurus floridanus, are known also from the

South African Sea, and one, Aspidodiadema tonsum, occurs also in the Pacific.

The remaining 32 species are known only from this region (and partly from the East American

littoral region, which cannot be sharply limited against the deep-sea region). These species are the

following-;

Dorocidaris abyssicola

Blakei

— micans

Tretocidaris Bartletti

Histocidaris Sharreri

Arseosoma Belli

Tromikosoma Koehleri

Aspidodiadema Jacobyi

Hemipediua cubensis

Podocidaris scutata

—
sculpta

Salenia goesiana
— varispina

Echinus gracilis

Pygastrides relictus

Clypeaster latissimus

Echinolampas depressa

Conolampas Sigsbei

Pourtalesia miranda

Aeropsis rostrata

Palseotropus Josephinse

Thomsoni

Paleeopneustes cristatus

hystrix

Linopneustes longispinus

Palaeobrissus Hilgardi

Agassizia excentrica

Periaster limicola

Schizaster orbignyanus

Macropneustes spatangoides

Rhinobrissus micrasterioides

Brissopsis alta.
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Leaving aside among these all rare, inconspicuous or not easily recognizable species, we still

get a fair proportion of species peculiar to this region. It is certainly not likely that such species as

Dorocidaris Blakci', EcJiinus gracilis, Clypcastcr latissimus , Ecliinolampas depressa, Conolaiupas

Sigsbci, Palcropncustes cristatus , Jiystrix, Linopucustcs loiigispinns , Agassizia cxccntrica
,

Periaster

limicola, Schizastcr orbignyanus and Macropneustcs spatangoides will ever be found to occur 011 the

European side of the Atlantic, as, on the other hand, it is equally unlikely that Porocidaris pur-

p 11rata and Spcrosoma Grimaldi should prove to occur at the American side of the Atlantic. Thus

it seems beyond doubt that also the Atlantic Deep-sea has its definite regions.
— It must, however,

be borne in mind that the distinction between littoral and deep-sea regions is mainly artificial, and

marked limits between the deep-sea regions, such as between the cold and the warm area in the

Northern Atlantic, do not exist.

In the Blake s-Echinoidea (p. 79) Agassiz states that «the deep-sea Fauna of the Caribbean

and of the Gulf of Mexico is far more closely allied to that of the Pacific than to that of the Atlantic .

Though it may be emphasized that not a single species is common to the East and West Coast of

America, it is certainly beyond doubt that a rather considerable portion of the West Indian Echini

have been derived from the Pacific in previous times when Central-America did not yet exist. Such

genera as Diadcma, Psaiuiuccliiuus, Tripneustes, Ec/iiuoiucfra, Mellita, Encopc, Rhyncopygus, Agassizia,

Moira and Meoma are most probably of pacific origin. But on the other hand an even larger number of

genera are common to the West Indies and the African-European side of the Atlantic, but not known

from the Pacific Coasts of America, such as: Dorocidaris, Phormosoma, Calveria, Arcrosoiua, Hygrosoiua,

Trigouocidaris, Gciwcidaris, Echinus, Ec/iiuocyaiuus, Neolaiupas, Echinolampas, Pahrotropus and Ecliiuo-

cardium. Adding thereto the considerable number of species identical in the West Indian Seas and

the Atlantic, it seems not too much to say that the above quoted statement of Agassiz is very

exaggerated.

To enter on a discussion of the geographical distribution of the whole of the Echinoidea

would carry us too far. I must limit myself to pointing out a few facts.

The South African fauna is, as pointed out by Doderlein, remarkable through the mixing up

of Indo-Pacific with Atlantic species and not less for the peculiar resemblance to the European boreal

fauna. This resemblance, however, is not so great as hitherto supposed, because on a closer exami-

nation the South African forms have proved to be distinct species, or at least distinct varieties; scar-

cely any species of Echinoids (except the almost cosmopolitan Ecliiuocardium cordafitm) will prove to

be common to the South-African,- and the European boreal region. Nevertheless these corresponding

species: Spataugus Raschi — capcnsis, Brisastcr fragilis
—

capcnsis, Ecliiuocardium fiavcsccus — capeuse,

Brissopsis lyrifera
—

capensis seem to point definitely to a direct connection of the two regions during

a former period.

The antarctic and subantarctic seas evidently form a distinct region, characterized mainly by

the several species of Stcrechiuus and Aba fits. With the exception of Stcrccliiuus Ncuiuaycri they all

seem to have a rather restricted distribution, probably on account of their not having pelagic larvae
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(Sterech. Neymayeri, on the contrary, has pelagic larvae).
1 - - That there are no bipolar Echini I have

pointed ont already in Part I of this work.

Perhaps also the Antarctic deep-sea will prove to form a distinct region; in any case it is a

noteworthy fact that a number of very peculiar forms: Pourtalesia ceratopyga, carinata, hispida, Spatago-

cystis Challengeri, Echinocrepis cuneata, Genicopatagus affinis, are hitherto known only from these

tracts of the ocean.

1 This will be treated in the Report on the Echinoidea of the German South Polar-Expedition.
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List of the Echinoidea occurring in the Atlantic

(North of a line from the Congo to La Plata), with their geographical and bathymetrical distribution.
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Name
Range

in depth

(fathoms)

Arctic

region

Medi-
terranean

region

~3 c

si *i

European
Atlantic

region

West
African

Atlantic

region

East

American
Atlantic

region

Calvmne relicta W. Th

Cystechinus clypeatus A. Ag
Pourtalesia miranda A. Ag
—

Jeffreysi W. Th

— Wandeli Mrtsn

— (Echinosigra) phiale W. Th. . . .

— — paradoxa Mrtsn.

Aeropsis rostrata (W. Th.)

Aceste bellidifera W. Th

Palaeotropus Josephinoe Lov

— Thomsoni A. Ag
— Hirondellei Koehler

Peripatagus cinctus Koehler

Homolampas fragilis A. Ag

Palaeopneustes cristatus A. Ag
— hystrix A. Ag

Linopneustes longispinus A. Ag
Palsobrissus Hilgardi A. Ag
Hemiaster expergitus Lov

Agassizia excentrica A. Ag
Periaster limicola A. Ag
Brisaster fragilis (Dub. Kor.)

Schizaster caualiferus (Lmk.)

— orbignyanus A. Ag
— Edwardsi Cotteau

Moira atropos (Link.)

Spatangus purpureus O. F. M.
,

— Raschi Lov

Macropneustes spatangoides A. Ag. . .

Echinocardium flavescens (O. F. M.i.

— intermedium Mrtsn

— pennatifidum Norm
— cordatum (Penn.)

— mediterranean Forb. .

Brissus unicolor Klein '

— Damesi A. Ag
Rhabdobrissus Jullieni Cott

Metalia pectoralis iLmk.)

— Costae Gasco

— africana Verr

Meoma ventricosa (Link.)

Rhiuobrissus micrasterioides A. Ag. .

Brissopsis lyrifera (Forb.)

— alta Mrtsn

— atlantica Mrtsn

—
elongata Mrtsn

620—2650

1900— 1915

125—1300

845-1715

S45-I975

S45-910

1240— 1750

620—1500

80—250

235

9 25

55o

300— 1920

55-450

20—210

40—300

So-185

220—1700

35-39°

70—140

35-7O0

20—35

65—1505

Littoral

0-80

5-460

100-500 iSoo)

80-375

5—150

Littoral

5
— 150

0-S5
2—20

0—130

350-450

10

o—i55

50-75

Littoral

0—240

175-240

5—210

120— 170

6S— 1434

-25

+

(+)

(+)

4

+

+

+
+
(+)

1

+

+

+ f

+

+

+
+
+
+

+
+
+

+

+

+

+ +

+

+

+

+

4

+
+
+
+
+

+
+
+

+

+

+

+

i

+

+

Also off South Africa

1 Htmiastet Mentzi.

Probabiv cosmopolitan.
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Abatus. II. S4, 101. 106, 114, 190.
— cavernosus. II. 101, 112, 114, 115.

— cordatus. II. 96.

Acauthocidaris. I. 21, 29.

—
curvatispinis. I. 29, 173.

Acesta. II. 94.

Aceste. II. 87, 90, 94, 96, 97.

— bellidifera. II. 94-96, iSS, 189, 194.

Acrocladia. I. 91.

Acrocladinae. I. 92.

Aerope. II. S7, 90, 97.
— bideus. II. 90.
— caffra. II. 90.

— fulva. II. 94.

— rostrata. II. 90.

Aeropidae. II. 85, S6, S9.

Aeropsis. II. 90, 95, 96.
— fulva. II. 91, 93, 94.

rostrata. II. 90—94, 148, 1S9, 194.

Agassizia. II. 113, 114, 190.
— excentrica. II. 186, 189, 190, 194.

Amblypneustes. I. 90, 92.— formosus. I. 104.

Amphidetus. II. 123.
— cordatus. II. 145.

—
gibbosus. II. 139.

— Kiirtzii. II. 145, 147.

— ovatus. II. 132.

roseus. II. 132, 137, 143.

— zealandicus. II. 149.

Amphisteniata. II. 87, 89, 90.

Amphisterni. II. 84, 85.

Ananchytidae. II. 58, 72, S4, 85, 86, 87, S9.

Auapesus. I. 91. II. 173, 174.

Antliocidaris. I. 10, 91, 96, 126, 128, 132,

133. 137, 138-
—

crassispina. I. 179.
— homalostoma. I. 121, 123, 125-126,

138, 179-

Araeosoma. I. 9, 53, 54, 56, 63, 66. II. 19,

20, 21, 190.
— Belli. I. 55, 64, 66, 72, So, 81. II.

188, 189, 192.— coriaceum. I. 64, 73.

— fenestratum. I. 64, 68, 72-75, 81. II.

1S7, 188, 189, 192.
— tesselatum. 1. 64, 66.

— violaceum. I. 176. II. 187, 192.

Arbacia. 1. 13.

— monilis. I. 83.

punctulata. II. 185, 186, 1S8, 189,

192.
—

pustulosa. II. 183, 184, 185, 186, 192.

Arliaciadae. I. S6.

Arbacdidae. II. 27.

Arbacina. I. 83, 84, 85, S6, 91. II. 17.

— forbesiaua. I. 91, 145. II. 17.

—
Pallaryi. I. S5.

Argopatagus. II. SS.

Aspidodiadetna. I. 169.

Jacobyi. II. 185, 186, 18S, 189, 192.— tonsum. II. 188, 189, 192.

Asteruata. II. 87.

Astheuosoma. 1. 43, 44, 46, 47, 4S, 50, 51,

54, 36, 63, 66, 70. II. 18, 19, 20, 26.

— coriaceum. I. 52, 53-54, 55. I?6 - H-

20, 21, 23.

— fenestratum. 1. 45, 52-53, 54, 55,

70, 72, 175, 176.

—
gracile. I. 51, 52, 57. II. 6, 25.

— Grubei. I. 45, 4S, 49, 50, 54, 63, 71,

II. 19, 20.

— heteractis. I. 45, 49, 63. II. 20.

—
hystrix. I. 45, 51, 52, 54, 70, 72, 74,

173, 177. II. 24.

—
Ijimai. I. 44, 56, 65.

—
longispinum. 1. 44, 56, 65. II. 5.

— pellucidum. I. 44, 45, 55. II. 20, 21.

Reynoldsii. I. 53, 72, 73, 74.

— tesselatum. I. 54, 55. II. 20, 21.

— ureus. I. 45, 47, 49, 63. II. 20

— varium. I. 44, 45, 46, 49, 50, 63, 76.

II. 20.

— violaceurn. I. 176.

Atelostomata. II. 87.

Boletia. I. 3. 90, 91, 92, 136.

— rosea. 1. ill, 112.

Brisaster. II. 122, 123, 175.

— antarcticus. II. 123.

—
capensis. II. 123, 190.

fragilis. II. 108-116, 123, 147, 175,

181, 182, 186, 187, 1S9, 190, 194.

— lacunosus. II. 175.

— latifrons. II. 123.
—

Moseleyi. II. 123.

Brisaster Townsendi. II. 123.

Brissina. II. 89, 96.

Brissoma. II. 174, 175.

Brissopsis. II. 90, 97, 107, 134, 158, 163,

165, 166, 167, 168, 174-175.
— alta. II. 107, 159-160, 161, 162, 165,

166, 168, 174, 175, 189, 194.
— atlantica. II. 158, 160-163, 164, 165,

168, 174, 175, 189, 194.

cireosemita. II. 168, 175.
— columbaris. II. 161, 168, 175.

— elegans. II. 174, 175.

—
elongata. II. 44, 159, 162, 163-165,

166, 167, 168, 175, 186, 194.

lyrifera. II. 96, 113, 117, 124, 136,

152-166, 167, 168, 174, 175, 181, 183,

184, 187, 190, 194.

lyrifera, van capensis. II. 158, 190.

pulvinata. II. 156.

— Oldhami. II. 168, 175.

—
pacifica. II. 44, 175.

— parma. II. 152, 156.

—
pulvinata. 156, 174.

Brissus. II. S7.

— Damesi. II. 188, 1S9, 194.
—

fragilis. II. 108.

—
lyrifer. II. 156, 174.

—
pulvinatus. II. 152, 156, 174.

— unicolor. II. 183, 184, 185, 186, 189,

194.

Caenopedina. I. 130. II. 17.

Calveria. I. 43, 44, 51, 56, 63. II. 20, 190.

fenestrata. I. 53, 70, 71, 72, 73.

—
gracilis. I. 51, 52, 58, 63, 175. II. 7.

—
hystrix. I. 51, 53, 54, 63, 70-72, 73,

74, 81, 195. II. 20, 187, 188, 189, 192.

— Phormosoma. I. 53.

Calymne. II. 53, 54, 85, 86.

— relicta. II. 53-54, 188, 189.

Calymnidse. II. 86, 87, 89.

Cardiaster. II. 87.

Cassidulidae. II. 84, 86, S6.

Cassiduloidea. II. 87, 89
Centrocidaris. II. 16.

Centrostephanus longispinus. I. 55, 169.

II. 1S3, 192.

Ceratophysa. II. 80, S2, 89.
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Chondrocidaris. I. 21, 29.
—

gigantea. I. 29.

Cidaridae. I. 11—43, 86. II. 3, 11, 14, 24, 170.

Cidaris. I. 12, 13, 17, 19, 26, 28, 35, 37,

94, I7i> 172- II- 14, 15-

— affinis. I. 17, 19, 29, 31. 34, 35-38,

40, 43, 170, 171, 172. II. 7, 14, 15,

36, 183, 184, 185, 186, 188, 189, 192.— annulata. I. 14, 17.

— annulifera. I. 19, 20, 172, 173.
— baculosa. I. 15, 17, 19, 20, 29, 35,

172, 173. II. 7, 14, 15.

—
bispinosa. I. 20, 172.

— borealis. I. 31.
— canaliculata. I. 167.

—
curvatispinis. I. 21.

—
galapagensis. I. 17, 19, 29, 172.

—
hystrix. I. 31, 34, 35.

—
imperialis. I. 18.

— Liitkeni. I. 20.

— metularia. I. 15, 17, 19, 29, 35. II.

14, 184, 185, 192.
— nutrix. I. 24, 25-26, 27.

—
panarnensis. I. 19.

—
papillata. I. 31, 167.

—
pistillaris. I. 19, 172, 173.

Reini. I. 19, 29, 35, 37.

— Stokesii. I. 35.
— Thouarsii. I. 17, 19, 29, 35, 172.
— tribuloides. I. 14, 17, 18, 19, 29. II.

184, 185, 1S6, 1S8, 189, 192.— verticillata. I. 15, 16, 17, 19, 29, II.

14, 15-

Cidarites. II. 15.— dubia. I. 18.

—
geranioides. I. iS.

—
hystrix. I. 18.

—
imperialis. I. iS.

—
pistillaris. I. 18.

Cionobrissus. II. 87.

Clypeaster. I. 94. II. 29.— latissimus. II. 185, 186, 188, 189,

J 9°. 193-
— Ravenellii. II. 185, 186, 193.—

subdepressus. II. 1S4, 185, 186, 189,

193-

Clypeastroidea. II. 28, 30, 87, S9.

Coelopleuras floridanus. II. 1S5, 186, iSS,

189, 192.

Colobocentrotus. I. 90, 91, 95, i2g, 130,

132. 133, 138, H°-— atratus. I. 129, 130, 140.
— Mertensii. I. 129, 130, 140.

Collyritidse. II. 86, 87, 89.

Conolarnpas Sigsbei. II. 185, 186, 189, 190,

193-

Cottaldia. I. 82.

— forbesiana. I. 83.

Cyanosoma. I. 43, 63.

Cystechinus. II. 39, 41, 46, 47, 49, 50, 51,

87, 88, 89.
—

clypeatus. II. 42, 46, 47-49, 57, 79,

188, 194.

Cystechinus crassus. II. 48.

— Loveiri. II. 44, 46, 50.
— Rathbuni. II. 50.

— vesica. II. 46, 50.

—
Wyvillii. II. 40, 42, 44, 46, 47, 49,

50.

Cystocrepis. II. 84, 89.

Dermatodiadema antillarum. II. 188, 189,

192.

Diadema. I. 94. II. 190.

antillarum. II. 183, 184, 185, 1S6,

188, 189, 192.

saxatile. II. 150.
- setosum. II. 184.

Diadematidae. I. 86, 170. II. 14.

Diademina. II. 87, 89.

Diplodetus. II. 175.

Discocidaris. I. 24, 29.
—

clypeata. I. 29.

mikado. I. 29.
— serrata. I. 25, 29.

Dorocidaris. I. 12, 16, 22, 23, 26, 28, 43,

167, 171, 172, 173. II. 10, 14, 15,

190.

abyssicola. I. 31, 34. II. 185, 186,

18S, 189, 192.
— Alcocki. I. 23, 30.

— Bartletti. I. 16. II. 17.

Blakei. I. 16, 2S. II. 188, 189, 190,

192.
— bracteata. I. 16, 17. II. 15.

—
hystrix. I. 171.

micans. I. 23, 28. II. 9, 10, 16, 188,

189, 192.
— neapolitanus. I. 35.
— nuda. I. 170, 171, 172. II. 7, 184,

185, 188, 192.
—

panarnensis. I. 17, 30. II. 5, 15.

—
papillata. I. 14, 16, 17, 22, 28, 31-35,

36, 37, 39, 4o, 41, 42, 170, 171, 172.

II. 7, 8, 14, 15, 105, 181, 182, 183,

1S4, 1S5, 1S6, 1S7, 1S8, 189, 192.
— Reini. I. 16, 17.

— tiara. I. 23, 30, 173.

Dysaster. II. 84.

Dysasteridae. II. 51.

Echinanthus rosaceus. II. 185, 1S6, 189,

193-

Echinarachuius parma. II. 179, 1S0, 189,

193-

Echinidie. I. 8, 86, 90, 91, 134, 140, 141-

162, II. 11, 14, 25, 27, 88, 141, 173.

Echininae. I. 91, 92, 134, 142-162. II. 4S, 88.

Echinocardium. II. 87, 90, 122, 123, 132,

134, 135, i36 , Mi, 147, 150, 151,

152, 176, 190.

atropos. II. 176.

— australe. II. 137, 149-50, 152.
— capense. II. 137-139, 140, 143, 152,

190.
— cordatum. II. 26, 44, 96, 136, 140,

145-149, 150, 151, 152, 181, 183, 1S4,

186, 190, 194.

Echinocardium flavescens. II. 96, 113, 124,

132-139, 140-144, 146, 147, 148, 151,

152, 155, 181, 182, 183, 184, 1S7,

190, 194.
— intermedium. II. 142-144, 152, 183,

194.
—

laevigaster. II. 144.

— mediterraneum. II. 143, 145, 150-

151, 152, 181, 183, 194.
— orthonotus. II. 144.
— ovatum. II. 132.

pennatifidum. II. 133, 135, 136, 139-

144, 152, 181, 194.
— sebae. II. 145.

Echinocheres globosus. I. 175.

Echinocorys. II. 85.

—
ciplyensis. II. 40.

Echinocorythidae. II. 58, 85, 87.

Echiuocrepis. II. 71, 83, 85, 89.— cuneata. II. 71, 82, 83, S4, 85, 191.—
setigera. II. 71, 83-84, 85.

Echinocyamus. II. 190.—
angulosus. II. 28, 31.

—
grandiporus. II. 29, 30, 31, 32-36,

188, 189, 193.
—

hispidulus. II. 31.
— macrostomus. II. 32, 36,37, 1S8, 193.— oviformis. II. 31.
—

parthenopaeus. II. 28.

—
pusillus. II. 28-39, 181, 183, 184,

187, 188, 193.
—

speciosus. II. 2S.

— tarentinus. II. 31.

Echinolatnpas. II. 190.

Blanchardi. II. 185.

—
depressa. II. 1S3, 185, 186, 189, 190,

193-
— Hellei. II. 184, 185, 193.

Echiuometra. I. 6, 90, 91, 92, 93, 96, 97, 124,

128, 129, 132, 133, 138, 139. II. 190.
— lucunter. I. 128, 129, 139. II. 184,

185, 1S6, 188, 189, 193.

macrostoma. I. 92, 129, 139.
— Mathaei. I. 128, 139.—

oblonga. I. 128, 129, 139.
—

prisca. II. 186.

— subangularis. I. 128. II. 184.

— van Brunti. I. 129, 139.

viridis. I. 129. 139. II. 185, 186, 193.

Echinometradae. I. S, 90, 91, 94, 9S, 121,

128, 133, 138.

Echinometridae. I. 86, 90, 91, 92, 93, 138,

140. II. 11. 14, 25, 27, 87.

Echinometriiue. I. 91, 93.

Echinoneidae. II. 87.

Echinoneus cyclostomus. II. 184, 193.
— semilunaris. II. 182, 186, 193.

Echinosigra. II. S2, S9.

— (Pourtalesia) phiale. II. 68-72, 73,

74, 77, 187, 194-

paradoxa. II. 72—77, 187, 194.
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luhinosoma. I. 52, 57, 5S, 62. II. 24. 25,

—
hispidum. II. 25.

— panamense. II. 24, 25.

— tenue. I. 57, 58, 63, 176. II. 7. 24.

uranus. I. 63, 80, Si, 176. II. 24,

25, 1S7. i92 -

Echinostrephus. I. 4, 5, 91, 92, 132. 133,

138, 139-— molare. I. 4, 128, 139.
— peutagonus. I. 128, 139.

Echinothuridas. I. 43-S1, S6. II. 11, 17, 19,

23, 24, 26.

Echinus. I. 3, 5, S, 9, 37, 45, 56, 60, 77, 89,

90, 91, 94, 96, 98, 99, 101, 102, 104,

105, 106, 109, no, 114, 115, 119,

124, 131, 132, 133, 134, 138, 141,

142, 145. 148, 153, 15S, 159, 160,

161, 165, 168, 174, 177, 180. II. n,

13, 25, 27, 173, 174, 183, 190.
— aciculatus. I. 179.
— acutus. I. 85, 95, 9S. gg, 100. 105,

106, 135, 144, i52-i5g, 161, 166, 179,

180. II. S, 181, 183, 1S4, 1S7, 193.
— — var. Flemingii. I. 154.— — - mediterraneus. I. 153, 154,

155, 138. 167.
— — var. norvegicus. I. 155, I7g.
— affinis. I. 100, 101, 105, 106, 135,

149, 150-152. !59. l66
. '79- H- 8

,

1S7, 188, 1S9, 193.
— albocinctus. I. 95, 77, 98, 104, 105,

106. II. 25.

— albus. I. 123.
— Alexandri. I. 73, 9S, 99, 100, 101,

105, 106, 107, 124, 131, 135, 144,

145. 146-149. '5°, 151. 152. 159.

161, 166, 177, 1S0. II. 101, 130,

180, 1S1, 1S2, 1S7, 1S8, 189, 193.

— angulosus. I. 3, 98. 105, 107, 108,

II. 173-
— atlanticus. I. 100, 101, 102, 105,

106, 135, 159, 165, 166. II. 188, 193.

— cidaris. I. 19.

— Cunninghami. I. 104.

— darnleyensis. I. 98, 104, 105, 109,

no, 115.

— decoratus. I. 108.

—
depressus. I. 94, 152, 157.

— diadema. I. 98, 102.

—
elegans. I. 98, gg, 100, 101, 102,

105, 106, 135, 142-145, 149, 153,

159, 162, 166, 167, 168, 179, 180,

II. 8, 172, 173, 1S0, 182, 187, 188,

189, 193.
— elevatus. I. 104.

— esculentus. 1. 95, 97, g8, 99, 105,

106, 135, 160-162, 166, 180, 1S1. II.

165, 172, 180, 1S7, 193.
— — var. fuscus. II. 173.

-
tenuispinus. I. 162, 181.

— fasciatus. I. 104.

—
Flemingii. I. 96, gg, 100, 152, 153,

154, 156, 157, 162, 167.

Echinus gracilis. I. 9S, 100, 101, 105, 106,

135, 165, 166. II. 172, 185, 186, 188,

189, 190, 193.
— granulans. I. 162.

—
granulatus. I. 162.

—
gratilla. I. 113.

— homalostoma. I. 126.

— horridus. I. 98, 102, 105, 106.

— lacuuosus. II. 120.

—
lepidus. I. 104.

— lucidus. I. 98, 100, 101, 105, 106,

135. 145. 159. t6i
>

i6 5> 166, 177.

II. 8.

lucunter. I. 128.

magellanicus. I. 3, 95, 98, 101, 103-

104, 105, 106, no, 167. II. 8.

— •

margaritaceus. I. 94, 98, 101-102,

103, 105, 106, 167, 168, 177, 178.

melo. I. 98, gg, 100, 105, 135, 153,

158, 165, 166, 180. II. 183, 184. 185,

193-

— microstoma. I. 9S, gg, 153. 157,

158, 180.

— microtuberculatus. I. 3, 98, 105,

107, 10S. II. 173.

— miliaris. I. 3, 86, 88, 97, 98, 104,

105, 107, 10S, 141, 167. II. 173.

— multicolor. I. 98, 105, 140.

—
neglectus. I. 162.

— Neumayeri. I. 98, 103, 104, 105, 106.

— norvegicus. I. 3, 94, 98, 99, 101.

102, 104, 145, 149, 150, 152, 153,

154. 155. !56, 157. 158, 159. l6 7.

179, 1 So. II. 8, 25, 150.

—
parvituberculatus. I. 107.

—
pileolus. I. 114.

—
pulchellus. I. 108.

— rarispinus. I. 153, 157.

— Robillardi. I. 95, 98, 105, log, no,

115-

— rodula. I. 104.'

— saxatilis. I. 141.

— Schwartzii. I. 160, 162.

—
sphaera. I. 160.

— tenuispinus. I. 181. II. 1S1, 193.

toreumaticus. I. 114.

tuberculatus. I. 114.

verruculatus. I. 105, 108, no, 115.

— vireus. I. 141.

— Wallisi. I. 98, gg, 100, 142, 145.

II. 17.

Ellipsechinus. I. 91.

Encope. II. 190.
— marginata. II. 1S5, 186, 193.

— Michelini. II. 185, 186, 193.

Epiaster. II. 43.

Eucidaris. I. 12, 19, 26.

— morieri. I. 19.

Euryeehinus. I. 121.

Evechinus. I. 3, 91, 115, 116, 139. II. 11.

— australise. I. 115, 116.

— chloroticus. I. 4, 97, 115-116.

— rarituberculatus. I. 115, 116.

Fibularia. II. 38, 39.
— tarentina. II. 28.

Fibulariidte. 28.

Genicopatagus. II. 87.
— affinis. II. 191.

Genocidaris. I. 86. II. 190.
— maculata. I. 85, 86, 179. II. 36, 183,

184, 1S5, 186, 188, 189, 192.

Globiferas. I. 169.

Glyptocidaris. I. 130.

crenularis. I. 130.

Gnathostomata. II. 86.

Gouiocidaris. I. 12, 14, 18, 23, 24, 26,

27, 2g.
— biserialis. I. 24, 29.

canaliculata. I. 5, 23, 24, 25-27. II.

15, 16.

—
ch-peata. I. 15, iS, 24.

— Doderleini. I. 24, 2S, 30. II. 5, 16.

—
florigera. I. 14, 18, 24, 25. II. 15.

geranioides. I. 23, 24, 29.
— membranipora. I. 24, 25, 26, 27, 173.

mikado. I. 15, iS.

— Mortenseui. I. 24, 27.
— tubaria. I. iS, 23, 24, 26, 29. II. 15.

— umbraculum. I. 24, 26, 29.

vivipara. I. 24, 25, 26, 27, 173.

Goniopygus. II. 26, 27.

Gyinnechinus. I. 115, 131, 133, 135, 136.
—

darnleyensis. I. 136.
— Robillardi. I. 136.

Hagenowia. II. 86.

Hapalosoma. I. 8, 56, 64. II. 21.

— pellucidum. I. 64. II. 21.

Helgocystis. II. 82, 89.

Helicoidea. II. 90.

Heliocidarinse. I. 91, 92.

Heliocidaris. I. 90, 91, 116, 132, 133, 138

139- 1] "•
— australise. I. 139.
— chloroticus. I. 116, 139.
— paucituberculatus. I. 116.

— rarituberculatus. I. 139.
— variolaris. I. 116.

Hemiaster. II. 87, 90, 96, 101, 104, 105,

106, 107, 158.
—

apicatus. II. 102.

— batnensis. II. 99, 175.

— bufo. II. 106.

—
expergitus. II. 26, 59, 96, g7-io2,

103-106, 181, 182, 187, 188, 189, 194.
—

florigerus. II. 102, 105.
— gibbosus. II. 97, 100, 102-104, 105,

106.

— Mentzi. II. 17, 97, 99, 100, 102, 104,

105, 1S9, 194.

—
Philippii. II. 109.

— tenuis. II. 106.

— zonatus. II. 97, 102, 104-105, no,

114.

Hemipedina. I. 91. II. II.
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Hemipedina cubensis. I. 130. II. 188, 189,

190, 192.
— mirabilis, I. 130.

Heterocentrotmse. I. gi, 93.

Heterocentrotus. I. 91, 95, 129, 130, 132,

133. 138, 139.

mainillatus. I. 129, 130, 139, II.

183, 193-

trigonarius. I. 129, 130, 139.

Hipponoe. I. 3, 90, 91, 92, 110, 113, 114,

116, 136.

— esculenta. I. 94.

Hipponoidae. I. 90.

Histocidaris. I. j6, 22, 30, 173. II. 16.

—
elegans. I. 30, 173. II. 16.

— Sharreri. II. 188, 189, 194.

Holaster. II. 87.

Holectypoidea. II. 86, 87, S9.

Holocentronotus. I. 90.

Holopneustes. I. 90, 91, 92.

Homolampas. II. 87.

—
fragilis. II. iSS, 189, 194.

Hoplosoma. II. 21.

Hygrosonia. I. 59, 60, 64, 66, 176, 177.

II. 19, 22, 190.—
hoplacantha. I. 59, 64, 176.

— luculentum. I. 62, 64, 66, 79, 176.

Petersi. I. 59, 64, 80, 81, 176. II. 25,

170, 187, 188, 189, 192.

Hypsiechinus. I. 81, 82, 83, 84, 85, S6.

coronatus. I. 86-90. II. 172, 1S7,

192.

Infulaster. II. 86, S7.

Kamptosoma. I. 60, 61, 65, 66. II. 19,

21, 22.

asterias. I. 61, 65, 176. II. 22.

— indistinctum. II. 21, 22, 24.

Kleinia. II. 166, 168, 174, 175.

Leiocidaris. I. 12, 16, 18, 30.
— anmilifera. I. 19.

— verticillata. 1. 6.

Lima excavata. II. 94.

Liuopneustes. II. 41.

—
longispinus. II. 185, 186, 189, 190,

194.

Loucophorus interruptus. II. 132.

Lovenia. II. 87, 134.

Loxechinus. I. 3, 91, 123, 124, 126, 131,

133, 134. HO. 178. II. 26, 27.

— albus. I. 134.
— bullatus. I. 134.
— gibbosus. I. 134, 1 78.

Lytechinus. I. 3, 91, 114, 136.

Macrophtbalmus. II. 90.

— parvimanus. II. 90.

Macropneustes. II. 128, 129.

spatangoides. II. 125, 127, 128-129,

186, 189, 190, 194.

Mellita. II. 190.

Mellita sexforis. II. 1S5, 186, 189, 193.
— testudiuata. II. 185, 186, 193.

Meuuthiaster. II. 85.

Meoma. II. 190.
— ventrieosa. II. 184, 185, 1S6, 189,

194.

Meridosteniata. II. 39, 87, 89.

Meridosterni. II. 84, 85, 89.

Metalia. II. 158.
— africana. II. 184, 1S5, 194.
— costae. II. 183, 194.—

pectoralis. II. 186, 189, 194.

Micraster. II. 43.
— coranguinum. II. 44.

Moera (Moira). II. 122, 190.
—

atropos. II. 122, 176, 186, 194.

Nacospatangus gracilis. I. 109.

Neolampas. II. S8, 190.

rostellata. II. 1S3, 184, 187, 189, 193.

Nina. II. 122, 123.

Nucleolitidse. II. S7.

Offaster corculum. II. 86.

OligoporiiiEe. I. 92.

Opechinus. I. S5. II. S.

—
spectabilis. II. S.

Ophiomusium Lyinani. I. 48.

Ova. II. 122, 123.

Palaeobrissus Hilgardi. II. 185, 186, 189,

194.

Palaeopneustes. II. 41, 54.

— cristatus. II. 84, 1S5, 186, 1S9, 190,

194.

tn^strix. II. 185, 1S6, 189, 190, 194.

Palseopneustidae. II. 54, 5S, 87, 89.

Pakeostomatidaa. II. 87, S9.

Palaeotropus. II. 5S, 87, 88, 89, 190.
— Hirondellei. II. 188, 194.—

Josephinas. II. 185, 1S6, 189, 194.

Tbomsoni. II. 189, 194.

Paraceutrotus. 1. 124, 126, 131, 133, 134,

135-
— Gaitriardi. I. 135, 179. II. 1S5, 186,

'93-
— lividus. I. 126, 127, 135, 165, 179.

II. 181, 182, 183, 193.

Parasalenia. I. 10, S4, 91, 93, 96, 128, 132,

133, 138. II. 26, 27.

—
gratiosa. I. 127, 138.

— Pohlii. I. 128, 13S.

Parasaleninaj. I. 138, 140.

Paraster. II. 121, 122, 123, 175.

—
gibberulus. II. 123, 175.

— Savignyi. II. 123.

Parechimna;. I. 134, 141-142.

Parechinus. I. 85, 108, 109, 123, 124, 131,

132, 133. 134. 14°. i 6 '. 179- II. 173,

174.

— angulosus. I. 108, 115, 134.
— microtuberculatus. I. 10S, 115, 134,

141, 166, 178. II. 183, 184, 1S5, 193.

I. 9-11.

Parechinus miliaris. I. 11, 108, 115, 122,

123, 134, 141-142, 166, 180. II. 181,

1S3, 184, 193.

Pedicellariae. I. 4-1 1, 169.
— development. I. 5-6.

—
globiferous.

— ophicephalous.
— trideutate.

—
triphyllous.

— rostrate. II. 48.

Pelanechinus corallinus. I. 8. II. 13.

Periaster. II. 90, 106, 107, 10S, 120.

limicola. II. 106-108, 162, 166, 186,

189, 190, 194.
— maximus. II. 108.

— tenuis. II. 106.

Peripatagus cinctus. II. 18S, 194.

Petalocidaris. I. 18, 24, 2g. II. 15.

—
florigera. I. 25, 30.

Phormosoma. 1. 43, 44, 46, 47, 48, 50, 52,

54, 55. 57. 61. 62, 66, 68, 173. 11.

18, 19, 21, 22, 24, 26, 190.
— adenicum. II. 172.
— asterias. I. 46, 57, 60. II. 21, 22.

— bursarium. I. 45, 47, 62, 66, 68.

II. 20, 172.
— hispidum. I. 44, 61, 65. II. 6, 22,

23. 24, 25.

—
hoplacantha. I. 45, 54, 59.

— indicum. II. 172.
— luculentum. I. 44, 46, 47, 50, 59-

60. II. 20, 170.
— panamense. I. 44, 4S, 61, 65. II. 24, 25.

Petersii. I. 58, 59. II. 10, 18.

placenta. I. 6, 45, 46, 47, 4S, 54, 56,

58, 61, 62, 66-70, 72, 74, 79, 80,

173-175. II. 12, 13, 19, 20, 22, 23,

172, 177, 1S7, 1S8, 189, 192.
— rigidum. I. 45, 48, 62. II. 22.

—
Sigsbei. I. 66. II. 172, iSS, 192.

— tenue. I. 46, 47, 52, 55, 56-57, 61,

177. II. 6, 21.

— urauus. I. 47, 51, 57-58, 59, So, 177.

II. 7. 9. 18, 25.

— zealandiae. II. 25.

Phrissocystis. II. 54.

Phyale. II. So, 82.

Phyalopsis. II. 80, 82.

Phyllacanthus. I. 12, 18, 19, 20, 21, 28,30.

annulifera. I. 14, 17.

— australis. I. 28, 30.

— dubia. I. 18, 30.

—
gigantea. I. 20.

—
imperialis. I. 14, 17, 18, 30. II. 14.

— parvispina. I. 18, 30.

Phvmosoma. I. 91, 130. II. II,

— crenulare. I. 130.

Physaster. II. 89.

Pileniatechinus. II. 50, 51, 86, 89.

Rathbuni. II. 50-51, 52, 53.

vesica. II. 51-52, 72.

Plesiaster. II. 175.

Pleurechinus variabilis. II. 8.
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Plexechinus. II. 57, 58, 84, S9.
— ductus. II. 54, 55, 56, 57.

hirsutus. II. 54-57, 58, 61, 1S7, 193,

Nordenskjoldi. II. 57, 58.

Plutens. I. 34.

Podocidaris sculpta. II. 1S8, 189, 192.
— scutata. II. 18S, 189, 192.

Podophora. I. 91.

Polvporiiue. I. 91, 92.

Porocidaris. I. 12, 16, 21, 22, 23, 30, 68.

Cobosi. I. 21, 23, 30. II. 16.

elegans. I. 21-22, 23. II. 16, 169.

gracilis DSderlein. I. 21, 23, 30.
— — Sladen. I. 21, 41, 42.

— incerta. I. 21, 23, 27.

— Milleri. I. 21, 23, 30. II, 16.

— misakiensis. I. 21, 23, 30.
—

purpurata. I. 14, 17, 21, 22, 30, 41-

42, 173. II. 9, 16, 169, 187, 1S8,

190, 192.
— — var. Talismani. I. 173. II. 169.— Shaireri. I. 21, 22-23, 3°' 4 1 - H- 5>

9, 10, 16.

Pourtalesia. II. 47, 59, 62, 71, 79, 80-82,

85, SS, 89, 97.
— carinata. II. 59, 67, 71, 77, 78, So,

81, S2, 191.—
ceratopyga. II. 59, 78-79, So, Si,

82, 191.
—

hispida. II. 61, 78, 80, 81, 82, 191.
—

Jeffreysi. II. 41, 58-63, 64, 65, 66,

68, 70, 75, 76, 78, 79, 80, 81, 82,

83, 180, 181, 194.— laguncula. II. 59, 67, 68, 80, 81,

82, 83.
— miranda. II. 62, 65-66, 67, 68, 79,

80, 81, 82, 189, 194.
—

paradoxa. II. 61, 69, 70, 72—77,

7S, 81, 82, 187, 194.
—

phiale. II. 60, 68-72, 73, 74, 77, 7S,

80, 81, S2, 187, 194.—
phyale. II. 68.

— rosea. II. 79-80, Si, 82.

— Tarmeri. II. 67, 80, Si, 82.

— Wandeli. II. 62, 63-66, 68, 75, 76,

78, 81, 82, 180, 1S7, 1S9, 194.

Pourtalesiidse. II. 54, 58, 84-88, 89.

Prionechinus. I. 82, 83, 84, 86, SS. II. 17.

—
Agassizii. I. 83.

—
sagittiger. I. S2, 177.

Prospatangus. II. 132, 176.

Protosternata. II. 87, 89.

Psaminechiniens. I. 91.

Psammechinus. I. 3, 5, 90, 91, 108, 114,

115, 11S, 131, 133, 135, 136. II. 173.

174, 190.
— Blainvillei. II. 173, 174.
— iniliaris. I. 91, 141. II. 173.
— semituberculatus. I. 3, 108, 115,

136. II. 173.
—

subangulosus. I. 108.

—
variegatus. I. 3, 10S, 114, 115, 136.

II. 173, 174, 1S5, 186, 188, 189, 193.

Psammechinus verruculatus. I. 108, 109,

115. >.V>.

Pseudechinus. I. 106, 1 v. [33, 138, 140.

II. 25.

— albocinctus. I. 116, 132, 139, 17S.

Pseudoboletia. 1. 91, 92, 95, 96, 118-119,

131. 133, 135, 137.—
granulata. \. 118.

— indiana. I. 118, 119, 137.— macula ta. I. 118, 119, 137.

rscudocentrotus. I. 122, 124, 126, 131, 133,

135. 137-
—

depressus. I. 123, 126, 137.

Pseudodiadematidae. I. 130.

Psilechinus. I. 3, 91, 114, 136.

Pygastrides relictus. II. 1S8, 189, 193.

Rhabdobrissus Jullieni. II. 184, 185, 194.

Rhabdocidaris. 1. 12, 18-ig.

Rhinobrissus. II. 102.

Tnicrasterioides. II, 1S9. 194.

Rhyncopygus. II. 190.— caribbcEarum. II. 185, 186, 189, 193.

Rotula Augusti. II. 184, 1S5, 193.
— deutata. II. 184.
—

Rutnphii. II. 1S4, 1S5, 193.

Salenia. I. 13.

—
goesiana. II. 1S8, 1S9, 192.

—
hastigera. II. 117, 1S7, 188, 189, 192.

— Pattersoni. II. 1S5, 186, 188, 189, 192.—
varispina. II. 18S, 1S9, 192.

Salenida;. I. 86.

Schizaster. I. 167. II. 90, 104, 105, 114,

119, 120, 122, 123, 132, 175, 176.
— affinis. II. 120.

— antarcticus. II. 119, 120, 121.

—
atropos. II. 122.

— canaliferus. II. 116-117, 11S-120, 121,

122, 123, 132, 175, 1S3, 194.
—

capensis. II. 115, 116, 119, 120, 121,

122.

— Edwardsii. II. 116, 119, 120, 121,

123, 1S4, 1S5, 194.
—

fragilis. 1. 167. II. 96, 104, 108-116,

119, 120, 121, 122.

— gibberulus. II. 119, 120, 121, 122.

— incertus. II. 152.

—
japonicus. II. 114, 119, 120.

—
Jukesii. II. 10S, 120.

— lacunosus. II. 10S, 119, 120, 121,

123, 175-

— latifrons. II. 120, 121.

—
Moseleyi. II. 120, 121.

— orbignyanus. II. 109, 117-119, 120,

121, 123, 175, 1S3, 186, 189, 190, 194.

—
Philippii. I. 167. II. 116, 119, 120,

121, 122, 125.

— Savignyi. II. 116, 120, 121, 122.

var. major. II. 116.

— Townsendi. II. 120, 121.

— ventricosus. II. 108, 119, 120.

Schizechinse. I. 92.

Schizechininae. I. 91, 135, 140.

Schizechinus. I. 3, 91, 136.

Schizocidaris. II 25, 28.

— assimilis. 25, 28.

Schleinitzia. I. 12, iS.

— crenularis. I. 20, 173.

Scutellida.-. I. 94.

Spatagoeystis. II. S3, 85, 89.
—

Challenged. II. 82, S3, 191.

Spatagodesma. II. 114.
— Diomedx'. II. 114.

Spatangidse. II. 85, 86, 87, 89, go.

Spatangina. II. 89.

Spatangoida. II. 86, S7.

Spatangus. I. 94. II. 42, S7, 90, 123, 128,

132, 141, 146, 175.

— altus. II. 131.

arcuarius. II. 145.

—
capensis. II. 130, 131, 190.

—
interruptus. II. 132.

Liitkeni. II. 131-132.
— meridionalis. II. 123, 128.

— ovatus. II. 132.

purpureus. II. 96, 109, 113, 123-128,

129-132, 136, 155, 1S1, 183, 184,

1S7, iSS, 194.

— Raschi. II. 127, 128, 129-130, 131,

132, 166, 17S, 1S0, 181, 182, 1S7,

188, 190, 194.

Reginse. II. 123, 12S.

—
sphiosissimus. II. 123, 128.

Sperosoma. I. 43, 45, 61, 65.
— biseriatum. I. 44, 62, 65.

— Grimaldi. 1. 45, 61, 65, 75-78, 81,

177. II. 170-171, 1S7, 18S, 190, 192.

Sphaerechinae. I. 92.

SphaBrechinus. I. 5, 8, 10, S4, S5, 91, 92, 96,

97, 109, no, in, 116-117, 118, 119,

122, 131, 133, 135, 137, 141, 170,

179.

australia?. I. 116, 117, 137, 178, 179.
—

granulans. I. 5, 92, 109, 116, 117,

122, 137 161, 165, 167, 178, 179.

II. 1S1, 182, 183, 184, 185, 187, 193.
— pulcherrimus. I. 4, 116, 120, 121.

— roseus. I. 116, 137, 167. II. 183, 193.

Stegaster. II. S6.

Stephanocidaris. I. 12, 17, 18, 19, 28, 172.
— annulifera. I. 28.

—
bispinosa. I. 14, 17, 2S, 173. II. 15.

— var. Ramsayi. I. 173.
— bracteata. I. 28, 173.

Sterechinus. I. 105-106, 109, no, 131, 132,

133. 134. 135. i 68
> 178- II. 3. 25,

190.
— antarcticus. I. 94, 102, 177, 17S.

— diadema. I. 178.
— horridus. I. 107, 131, 135, 178.

— magellanicus. I. 107, 135, 140, 159,

177, 178.

— margaritaceus. I. 106, 135, 177, 178.

— Neumayeri. I. 107, 132, 135, 178,

II. 190, 191.
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Stereocidaris. I. 12, 14, 23, 26, 27, 29, 35,

41, 167, 171, 172. II. 15, 17.

— canaliculata. I. 27, 29, 89, 173, 178.

II. 16.

—
grandis. I. 6, 23, 26, 29.

— incerta. I. 29.
— indica. I. 23, 29, 41.

— ingolfiana. I. 22, 23, 29, 38-41, 43.

II. 9, io, 187, 188, 189, 192.
—

japonica. I. 23, 29. II. 16.

— Lorioli. I. 170-171, 172. II. 7.

— microtuberculatus. I. 23, 30.

— Mortenseni. I. 29.
— nutrix. I. 27, 29, S9, 173, 178.

—
sceptriferoides. I. 23, 29.

—
tenuispinus. I. 23, 30.

Stereopneustes. II. 85, 87, 89.

Steruata. II. 87.

Sternopatagus. II. 57, 71, 79, S4, S5, S6,

89.

Stolonoclypus. II. 32.

Stomopneustes. I. 8, 9, 86, 91, 93, 95, 116,

i32 . 133-
—

atropurpureus. I. 127, 134.
— variolaris. I. 126-127, J 34-

Stomopneustida;. I. 133.

Streptosomata. II. 87.

Strongylocentrotidae. I. 91.

Strongylocentrotiuae. I. 137, 140, 162-165.

Strongylocentrotus. I. 8, 10, 90, 91, 96,

97, 114, 117, 118, 119, 121-126, 132,

!33. 137, 160, 179. II. 11, 25, 26, 27,

135-
— albus. I. 92, 95, 119, 122, 123, 167,

168.

— armiger. I. 119, 124.
— bullatus. I. 119, 122, 123.
— carnosus. I. 164.

— chlorocentrotus. I. 119, 120, 121,

138, 164, 178.

—
depressus. I. 119, 121-122.

— drobachiensis. I. 4, 11, 92, 96, 97,

104, 118, 119, 120, 121, 122, 125,

138, 142,162-165, 167, 168, 178, 179,

181. II. 165, 179, 181, 182, 187, 188,

lS9- 193-

erythrogratnmus. I. 84, 119, 124-125.
— eurythrogrammus. I. 124.— franciscanus. I. 119, 120, 121, 138.

Strongylocentrotus Gaimardi. 1. 3, 119,

124.
—

gibbosus. I. 119, 122-123, l7&> x 79-
— globulosus. I. 119, 120, 126, 140.

—
granulans. I. 163, 164.

— intermedius. I. 3, 119, 120, 121,

138, 178.
— livid us. I. 4, 5, 92, 108, 123, 124,

165, 181.

— mexicanus. I. 119, 120, 126, 140,

179.
— nudus. I. 119, 120, 126, 140, 179.
— omalostoma. I. 119.
—

pallidus. I. 163, 164.

—
pictus. I. 164.

—
pulcherrimus. I. 121, 133, 135, 138,

178.
—

purpuratus. I. 119, 120, 121, 138.

— tuberculatus. I. 114, 116, 117, 119,

124, 125.

Tenmechinus. I. 82, S5.

— maculatus. I. 84.

Scilke. I. S5.

Ternnopleurida;. I. 81-90, 91. II. 14.

Ternnopleunis. I. 114.

— Hardwickii. II. 8.

toreumaticus. II. S.

Toxaster. II. 87.

Toxobrissus. II. 161, 166, 167, 168, 175.

—
pacificus. II. 44, 163, 167, 168.

Toxocidaris. I. 91, 125, 126, 132, 133, 138,

139. I78-
— armiger. I. 139.
— Delalandi. I. 125.

— erythrogramrnus. I. 139.

tuberculatus. I. 125, 126, 139.

Toxopueustes. I. 3, 10, 91, 96, 10S, 109,

no, 113-114, 115, 11S, 131, 133, 135,

136. II. 11, 173.
—

elegans. I. no, 111, 112, 114, 136.
— maculatus. I. no, in, 115, 140.

—
pailidus. I. 162.

—
pictus. I. 162.

—
pileolus. I. 94, no, in, 112, 114,

117, 136.
— roseus. I. 112, 114, 136.
— semituberculatus. I. no, in, 112,

114.

Toxopneustes variegatus. I. 1 10, 112, 1 14.

Toxopneustidae. I. 91, 92, 96, 135, 140,

162-165. II- M, J 5. 2 7-

Tretocidaris. I. 16, 28. 11. 15, 170.

— annulata. I. 16, 17, 28, 172. II. 7,

169-170.

Bartletti. I. 16, 17, 28. II. 169, 170,

185, 186, 188, 189, 192.

—
spinosa. I. 17, 28, 172. II. 7, 184,

185, 192.

Triciueliua paradoxa. I. 117.

Trigonocidaris. I. 82, 85, 86. II. 190.
— albida. I. 84. II. 1S5, 186, 187, 188,

1S9, 192.

monolini. I. 84.

Triplechinse. I. 92.

Triplechinida;. I. 90, 91, 98, 101, 121, 130,

133. II. n.

Tripneustes. I. 91, 109, no, 113-114, 115,

n6, 131, 133, 135, 136. II. n, 190.
— angulosus. II. 184.

—
depressus. I. no, 118, 137.

— esculentus. I. no, 112-113, 137. II.

184, 185, 186, 188, 189, 193.
—

gratilla. I. 113, 137. II. 184, 193.—
variegatus. I. in, 113.

Tripueustidae. I. 90, 92.

Tripylaster. II. 122.

Philippii. II. 123.

Tripylus. II. 122.

—
fragilis. II. 108.

Tromikosoma. I. 9, 46, 62, 64, 177.

Koehleri. I. 45, 65, 78-80, 81, 176.

II. iSS, 189, 192.

Urechinidae. II. 39, 42, 53, 54, 55, 57, 58,

72, 85-86, 87, 89.

Urechinus. II. 43, 46, 47, 5°. 5L 52, 53.

56, 57, 87, 88, S9 .

—
Drygalskyi. II. 46.

giganteus. II. 41, 44, 45, 46, 49,

50, 51, 56.

Loveui. II. 50.

Naresi. II. 43.
— naresiauus. II. 39-45, 46-54, 61, 62,

71, S5 , 88, 187, 189, 193.
—

Wyvillii. II. 49, 56, 78, 82.

Zirpluea crispata. II. 180.





Plate I.

Fig. i. Spatangus altus Ltk. Type-specimen, actinal side. I

/I .

— 2. — — — abactinal side. l

/t.

—
3.

— — — side view. I
I I .

—
4.

—
Rasc/ii, the abactinal side. I

l 1 .

—
5.

— — - actinal — 1
/ I.

— 6. Brisaster (Schizaster) fragilis, abactinal side. (Specimen from the «Ingolf»-St. 35.)
I
/ 3

—
7.

— — abactinal side. (Specimen from Bergen.)
I

I I .
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1—3 Spatangus alius Ltk. 4—5 Spatangus Ra$< 6—7 Brisaster {Schizaster) frayilis (Diib. Kor.i.







Plate II.

S Spatangus purpureus. 19 Spat. Raschi. 12, 14, 16 Hybrid of Spat, purpureus and Raschi. 1, 4, 18, 20 Hemiaster expergiius.

3, 7, 9, 13, 15, 17 Echinocardium pennatifidum. 5, 6, ti i?r/«. capense. 2, 10 .fiW*. flavcscens.

Fig. i. Hemiaster expergihts, abactinal side. I

/I .

2. Echinocardium flavescens, abnormal specimen ;
actinal side. I

/I.

—
3. pennatifidum, young specimen; side view. I

/ I .

—
4. Hemiaster expergiius, actinal side. I

/1.

—
5. Echinocardium capense, actinal side. Z

/ I .

— 6. — — side view. 1
Jl .

—
7. pennatifidum, young specimen; abactinal side. 1

/I .

— 8. Spatangus purpureus, abactinal side. 1

/ I .

—
9. Echinocardium pennatifidum, young specimen; actinal side. 1

I 1 .

— 10. flavescens, abnormal specimen; abactinal side. 1

/ I .

— 11. —
capense, abactinal side. I

/ l .

— 12. Spatangus purpureus, hybrid; abactinal side. I

j 1 .

—
13. Echinocardium pennatifidum, side view. l

\ x .

—
14. Spatangus purpureus, hybrid; actinal side. I

/I.

—
15. Echinocardium pennatifidum, actinal side. 1

/ I .

— 16. Spatangus purpureus, hybrid ;
side view. 1

/ I .

—
17. Echinocardium pennatifidum, abactinal side. I

/l.

— 18. Hemiaster expergitus, end view. 1

{ I .

—
19. Spatangus Raschi, side view. 1

/ I .

— 20. Hemiaster expergitus, side view. I

/I.
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Spatangus \ 0. F. MiUl., Easchi Lot:. Hemiaster expi . Echinocardium pennatifidum Norm., capense n. sp., /hnvscrns (0. F.

/







Plate III.

2, 3, 7, ii, 12, iS, 20—23 Brissopsis lyrifera. 5, S, 9, 13, 16 Br. alia. 6. 10, 17 Br. allanlica. 1 Brissopsis sp.

4, 14, 15, 19 Br. elongala.

Fig. i. Brissopsis sp. («Talismans), abactinal side. Vi-

_ 2.
—

lyrifera, abnormal specimen, aetinal side. I
/I .

—
3.

— — («Thor»), abactinal side. l

/z .

—
4. elongata, young specimen, side view. I

/ I .

—
5.

— a/fa («Blake», St 49), abactinal side. l
/x.

_ 6. — atlantica («Albatross», St. 2378), abactinal side, '/i-

7.
—

lyrifera, abnormal specimen, aetinal side. 1

j 1 .

— 8. — alia
( Blake», St 49), aetinal side. I

/ I .

_ 9 .

— — («Albatross», St. 2401), aetinal side. I

/I.

— io. allanlica («Albatross », St. 2378), aetinal side. I

/I .

— 11, —
lyrifera, abnormal specimen, aetinal side. I

/I.

_ 12. — — (Mediterranean), abactinal side. I

/1 .

_
13.

— alia (<sAlbatross», St. 2401), abactinal side. l

/T.

—
14.

— elongata, side view. 1
/ I .

—
15.

— — abactinal side. x

/i-

_ 16. — alia (Albatross», St. 2401), side view. 1

/I .

—
17.

— atlantica (« Albatross*, St. 2748); abactinal side. Vj.

— !§. _
lyrifera (Bergen), side view. 1

j 1 .

ig.
— elongata, aetinal side. I

/I.

— 20. —
lyrifera (Mediterranean), aetinal side. 1

j 1 .

_ 21. — — (Bergen), abactinal side. 1

j 1 .

22.
— — aetinal side. 1

/ I .

23.
— — (Mediterranean), abactinal side. I

/ 1 .
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Brissopsis lyrifera i Forb. t. alia n. sp., atlantica n. sp., elongata

Pacht X- Crone
\







Plate IV.
2

. 3> 9. J4— l 7 Brissopsis lyrifera. i, 4, 13, 18 Br. elongata. 5, 19 Brissopsis sp. 6— 8, 10—12 Hemiasier expergitus.

Fig. 1. Brissopsis elongata, actinal side. r
/x.

— 2. —
lyrifera (Mediterranean), abactinal side. T

/i-

—
3.

— — — actinal side. I

/I .

—
4.

—
elongata, abactinal side.

'/;.

—
5.

—
sp. («Talisman »), side view. I

/ I .

— 6. Hemiastcr expergitus, abactinal side. I

/ I .

—
7.

— — side view.
3-5/j.

— 8. — — actinal side. I

/I .

—
9. Brissopsis lyrifera (Mediterranean), side view. I

/ I .

— 10. Hcmiaster expergitus, abactinal side.
3-5/j.

— 11. — — side view. I

/I.

— 12. — — actinal side.
3-5/j.

—
13. Brissopsis elongata, side view. I

/ l .

—
14.

—
lyrifera (Kattegat), side view. 1

/1 .

—
15.

— —
(Kattegat), abactinal side. 1

/1.

— 16. — — (Mediterranean), side view. 1

/ I .

—
17.

— —
(Kattegat), actinal side. 1

/ l .

— 18. elongata, subanal fasciole and adjoining parts of the test 2
/,.

—
19.

—
sp. («Talisman»), actinal side. l

/I.
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Plate V.

Fig. i. Pourtalesia Wandeli, abactinal side. 2
/,.

— 2.
— actinal side. (Not fully to be relied upon as regards the limits of the

plates.)
J

/i-

—
3.

— — actinal side. 2
/x .

—
4.

— abactinal side. I,8
/ I . (The upper plates of ambulacra I and V and of inter-

ambulacrum 5 not quite correctly made out here. Comp. PL VIII. Fig. 2.)

—
5.

— — side view. 2
/x .

— 6. — — actinal side. I-8
/ x .

—
7.

— — abactinal side. I
/I.

— 8. Aeropsis rostrata, actinal side. 2
/x .

—
9.

— — abactinal side. 2
/x .

— 10. — — side view. I

/ I .

— 11. Pourtalesia Wandeli, side view. I

/I.

— 12. - - - -8
/i.

—
13. Jeffreysi,

— —
»/i-

—
14.

— — abactinal side. I

/ I .

—
15. Aeropsis rostrata, side view. 2

/i-

— 16. Pourtalesia Jeffreysi, abactinal side. :

/i-

—
17.

— actinal side. r

/x .

— 18. — side view. :

/i-

—
19.

— abactinal side. I

/ I

— 20. Aeropsis rostrata, abactinal side. I

/1 .

— 21. Pourtalesia Jeffreysi, actinal side. I

/ I .

— 22. Aeropsis rostrata, actinal side. 1

/ I .

—
23. Pourtalesia Jeffreysi, side view. I

/l .
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Plate VI.

Fig. i. Echinosigra (Pourtalesia) phiale, abactinal side. 7/z . (For the apical system and adjoining

plates, comp. PI. VII. Fig. 7.)

— 2. — — — side view. 7/I#

—
3.

— — paradoxa, actinal side. r -8
/i-

—
4.

— — — side view. I-8
/i-

—
5.

— — — abactinal side. I -8
/ I .

— 6. — — — side view. I -8
/ I .

—
7.

— —
phiale, actinal side. i\z .

— 8. Plexcchinus hirsutus, end view.
*/t

.

—
g.

— — actinal side. 2
/z.

— 10. Urechinus naresianus, actinal side. I,

s/i-

— 11. - J -5
/i-

— 12. Plexechinus hirsutus, abactinal side.
*/z.

-
13.

- -
Vi-

—
14.

— — side view. 2
/z .

-
15.

- - -
»/*

— 16. — actinal side. i;

s/z. (Not the same specimen as Figs. 12 and 15).

—
17. Echinosigra (Pourtalesia) paradoxa, abactinal side. 6

/I . (For the apical system and adjoining

plates, comp. Text-fig. 14, p. 75.)

— 18. — — abactinal side. 1,8
/ I .

—
19.

— — side view. 6
f z .

— 20. — — actinal side. I-8
/ I .

— 21. - - - - - 7-
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Plate VII.

Fig. I. Echinosigra (Pourtalesia) pliiale, the sub-oral region of the test. I

3/1 . Not the same specimen

as that represented in PL VI. Figs, i— 2, 7. The limitation of the ambulacral plates IV. a. 1.

b. 1 could not be made out quite distinctly, but it is certain that a. 1 was larger than b. 1.

— 2. Pourtalesia Jeffreysi, opened from the side. The loop of the intestine has been bent backwards

in order to show the course of the stone canal, g. Genital organs.
1

/ I .

—
3.

Pourtalesia Jeffreysi, part of the stone canal with the axial organ.
l6

/j.

—
4.

— opened from the side, showing the intestine in its natural position; g. the

genital organs of the right side, bent outwards.
'/,.

—
5. Echinosigra (Pourtalesia) paradoxa, the suboral region of the test. r

3/x.

— 6. Urechinus naresianus, female genital organs.
2
/ : .

7. Echinosigra (Pourtalesia) phiale, apical system and adjoining parts of the test. 21/
/i-

— 8. Urechinus naresianus, opened from the side. The loop of the intestine has been bent back-

wards in order to show the course of the stone canal. I

/1 .

—
9. Plexechinus hirsutus, apical region of the test. From a specimen 6mm in diameter. No pores

to be distinguished in the ocular or ambulacral plates. '3/^

— 10. Echinosigra (Pourtalesia) paradoxa, female genital organs, g, and stone canal, s. '"/p

— 11. Pourtalesia Jeffreysi, female genital organs.
z
/i-

— 12. male genital organs. On the stone canal (s) is seen a little swelling, the

axial organ.
2
/ 1 .

—
13. Urechinus naresianus, opened from the abactinal side; the intestine is represented in its natural

position.
I
II .

—
14. Pourtalesia Jeffreysi, opened from the actinal side

;
the intestine is represented in its natural

position. The two siphones are distinct. t

/I .

—
15. Urechinus naresianus, opened from the abactinal side. The intestine bent aside in order to

show the two siphones.
t

/1 ,

— 16. Echinosigra (Pourtalesia) paradoxa, anterior end of the test, opened from the side. g. Male

genital organs, s. stone canal, ce. oesophagus.
6
/ 1 .

—
17. Spatagocystis Challengeri, tube foot. I2

5/r.

— 18. Echinosigra (Pourtalesia) paradoxa, tube foot. 1Z5
/ I .

—
19. Plexechinus hirsutus, actinostome and surrounding parts of the test. The plates of the actino-

stome have been drawn from another specimen; the specimen, from which the plates of the

test were drawn, had the buccal membrane bent inwards, so that its plates could not be

made out. 8
/i-

— 20. Plexechinus hirsutus, apical plate and part of the odd anterior ambulacrum. In the apical

plate a small madreporic pore and two larger genital pores are seen. I

5/I .

— 21. Pourtalesia Jeffreysi, tube-foot. ^s/j.
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Plate VIII.

Fig. i. Pourtalcsia Wandeli, sub-oral region of the test. 9/,.

— 2. —
apical system and adjoining parts of the test. The pores of the anterior

paired ambulacra were rather indistinct and are perhaps not quite correctly placed.

—
3. Pourtalcsia Wandeli, sub-oral region of the test, "/i-

—
4.

—
Jeffreysi,

— — - — —
9/,.

r . 10/

— 6. - - - -
«/i-

—
7.

— Wandeli, apical system and adjoining parts of the test. l

ijt.

— 8— 11. —
Jeffreysi, sub-oral region of the test. 9/,.

In the figure 8 the small interambulacral

plate 1. 1 is not quite certain.
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Plate IX.
4, 8, 9, 15, 16, iS, 21, 26, 30

—
39 Urcchinus naresianus. 2, 6, 11, 12, 25, 27 £/. giganteus. 3, 5, 17, 24 £/. Wyvillii. 19 K Loveni.

1, 7, 10, 13, 14, 20, 22, 23, 28, 29 Cyslechinus clypeaius.

Fig. i. Cyslechinus clypeatus (< Challenger » St. 133), globiferous pedicellaria. 7°/,.

— 2. Urechinus gigantetis, valve of globiferous pedicellaria, side view. (Comp. Fig. 6).
I2
5/x.

—
3.

—
Wyvillii,

— - — — — —
"S/x .

—
4. naresianus («Challenger» St. 302), valve of ophieephalous pedicellaria.

I2
5/,.

—
5. Wyvillii, valve of globiferous pedicellaria, from the inside. I25

x .

— 6. giganteus,
— - — — — - — (Comp. Fig. 2).

I2
5/,.

—
7. Cyslechinus clypeatus (« Challenger St. 205), ophieephalous pedicellaria. 37/,.

— 8. Urcchinus naresianus, spicule from tube-foot. I2
5/,.

—
9.

— valve of globiferous pedicellaria, from the inside. I2
?/,.

— 10. Cystechinus clypeatus ( Challenger St. 205), valve of ophieephalous pedicellaria. 5<yx .

— 11. Urechinus giganteus, valve of ophieephalous pedicellaria.
l2

5/x .

— 12. — — -
triphyllous

— I2
5/x .

—
13. Cyslechinus clypeatus (« Challenger* St. 334), valve of ophieephalous pedicellaria.

I2
5/,.

—
14.

— —
(

-
205),

— - tridentate —
7°/x.

—
15. Urcchinus naresianus, valve of tridentate pedicellaria, coarse form.

7°/,.

— 16. — -
7°/ x.

—
17.

—
Wyvillii,

— - — — 62
/ x .

— 18. — naresianus, — - ophieephalous
— I2

5/i-

—
19.

— Loveni, — - tridentate —
5°/,.

— 20. Cyslechinus clypeatus (Challenger- St. 334), valve of tridentate pedicellaria. 7°/,.

— 21. Urechinus naresianus
( Challenger > St. 302), valve of coarse tridentate pedicellaria. 7°/,.

— 22. Cyslechinus clypeatus («Challenger» St. 205), valve of ophieephalous (?) pedicellaria. 7°^.

—
23.

— —
(

-
133),

— - short tridentate —
7°/ x .

—
24. Urechinus Wyvillii, valve of globiferous pedicellaria.

I2
5/j.

—
25. giganteus,

— - large tridentate — 7°/ t .

— 26. naresianus, — -
triphyllous

— I2
5/ x .

—
27. giganteus,

— - small tridentate — 7<yx .

— 28. Cyslechinus clypeatus (< Challenger* St. 205), valve of small tridentate pedicellaria. 7°/x .

—
29. (

-
334),

— -
triphyllous «s/x.

—
30. Urechinus naresianus, primary spine from the abactinal side. 37/,.

—
31.

— — miliary —
7°/,.

—
32.

— tridentate jjedicellaria, coarse form. 5°/,.

—
33.

— slender —
7°/,.

—
34.

— — valve of tridentate pedicellaria, slender form. I2
5/,.

35. globiferous pedicellaria. 70/
/i-

—
36. valve of tridentate pedicellaria, slender form. I2

5/,.

—
37.

— ophieephalous pedicellaria. 7°/,.

—
38. tridentate pedicellaria, slender form. 7°/,.

—
39.

— spine from the peristome. 37/,.
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Plate X.
2, 15

—
17, 19, 21, 23, 25, 27, 31, 32, 34, 36

—38 Plexechinus hirsutus. 8, 9, 11, 14, 22, 26 Pilematcchinus Rathbttni. 1, 4, 7, 13, 24, 28,

29 P. vesica. 5, 6, 30 Calymne relicta. 39 Echinocrepis cttneata. 3, 12, 33 Cys/ocrepis setigera. 10, 18, 20, 35 Spatagocystis

Challe7igeri.

Fig. I. Pilematechinus vesica, tridentate pedicellaria (comp. Fig. 4). 5°/,,— 2. Plexechinus hirsutus, valve of tridentate pedicellaria.
I2

5/j.—
3. Cystocrcpis setigera,

— - ophicephalous
— I25A-

—
4. Pilematechimis vesica, — - tridentate (comp. Fig. 1). 5°/,.—
5. Calymne relicta, valve of rostrate pedicellaria.

7
/ r .

_ 6. - - - - 7%.—
7. Pilematechinus vesica, globiferous pedicellaria. &j x .

— 8. — Rathbuni, valve of tridentate pedicellaria. 7°/j.

—
9.

— — - globiferous side view. "S/j.— 10. Spatagocystis Challenger/', valve of tridentate pedicellaria. 5<y'j.

- 11. Pilematechinus Rathbuni, — - globiferous from the inside. "5/
1
.

— 12. Cystocrcpis setigera, valve of rostrate pedicellaria.
I2

5/j.

—
13. Pilematechinus vesica, — - tridentate —

5°/j.—
14.

— Rathbuni, valve of triphyllous pedicellaria.
I2
5/x.

—
15. Plexechinus hirsutus, valve of tridentate pedicellaria.

I2
5/j.— 16. — — - - - -

M5/x.

—
17.

— — -
triphyllous

—
'75/j.

— 18. Spatagocystis Challcngeri, valve of rostrate pedicellaria.
7

/ z .

—
19. Plexechinus hirsutus, valve of ophicephalous pedicellaria.

I2
5/t.

— 20. Spatagocystis Challcngeri, valve of small tridentate pedicellaria. 7°/,.

— 21. Plexechinus hirsutus, primary spine, side view. (Comp. Fig. 31). 4%.— 22. Pilematechinus Rathbuni, valve of tridentate pedicellaria. 37/Ig—
23. Plexechinus hirsutus, valve of globiferous pedicellaria. '75/j.

—
24. Pilematechinus vesica, — - short tridentate pedicellaria. 5°/j.

—
25. Plexechinus hirsutus, sphteridia. "S/j.— 26. Pilematechinus Rathbuni, valve of ophicephalous pedicellaria.

I2
5/IP

—
27. Plcxechimis hirsutus, spicules, represented in their relative position in the tube-foot. I

75/I .

— 28. Pilematechinus vesica, valve of buccal tridentate pedicellaria. 50^.

—
29.

- —
5%.—

30. Calymne relicta, miliary spine. 5°/j.

—
31. Plexechinus hirsutus, primary spine, front view. (Comp. Fig. 21). *°/s .

—
32.

— — miliary
— I25

/i-

—
33. Cystocrepis setigera, ophicephalous pedicellaria. 7°/,.

—
34. Plexechinus hirsutus, globiferous pedicellaria.

I2
5/j.

—
35. Spatagocystis Challcngeri, rostrate pedicellaria. 5°/j.

—
36. Plcxechimis hirsutus, tridentate pedicellaria.

5
/ t .

—
37.

— filament of actinal tube-foot.
'75/,.

—
38.

— —
spine from the actinal plastron.

20
/j.—

39. Echinocrepis cuneata, tridentate pedicellaria. 5%.
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Plate XL
4, 7—10, 30 Pourtalesia Jeffreysi. 1, 13, 14, 18—20, 23, 34—37, 4°, 41 P- Wandeli. 2, 3, 5, 6, 17, 21, 24, 25, 27—29, 32, 42—44

Echinosigra (Pourlalesia) paradoxa. 12, 33 P. laguncula. 11 .P. Tanneri. 31 P. hispida. 15,26 P. rosea. 16,22,38,39

Helgocystis (Pourlalesia) carinata.

Fig. i. Pourtalesia Wandeli, rostrate pedicellaria. 7%.
— 2. Echinosigra (Pourtalesia) paradoxa, valve of tridentate pedicellaria, from the inside. "5/j.

—
3.

— — — — - ophieephalous
— I2

5/i-

—
4. Pourtalesia Jeffreysi, valve of ophieephalous pedicellaria, side view. I2

S/X .

—
5. Echinosigra (Pourtalesia) paradoxa, valve of tridentate pedicellaria. "S/i-

6. — — — — - ophieephalous
— side view. I2

5/ : .

—
7.

Pourtalesia Jeffreysi, valve of ophieephalous pedicellaria, from the inside. I2
5/i-

— 8. — — — - tridentate —
'"/i-

—
9.

— — rostrate pedicellaria.
5%.

_ 10. — valve of rostrate pedicellaria, from the inside. (Comp. Fig. 30). 7%.
— n. — Tanneri, — - — — 7%.
— 12. —

laguncula,
— - ophieephalous pedicellaria.

I2
5/i-

—
13.

— Wandeli, ophieephalous pedicellaria. i°\ z .

—
14.

— — valve of ophieephalous pedicellaria, side view. I2
5/i-

—
15.

— rosea. — - tridentate — I25
/i-

— 16. Helgocystis (Pourtalesia) carinata, valve of globiferous pedicellaria, side view. (Comp. Fig. 22). 7°/i-

—
17. Echinosigra (Pourtalesia) paradoxa, rostrate pedicellaria. 7%.

— 18. Pourtalesia Wandeli, valve of ophieephalous pedicellaria.
Iz

5/i-

_
ig.

_ _ _ . rostrate from the inside. (Comp. Fig. 23.) ?%.
— 20. — — primary spine, from the inner part of the buccal cavity. (Comp. Fig. 34). 3°/j.

— 21. Echinosigra (Pourtalesia) paradoxa, primary spine, from the inner part of the buccal cavity. 5°/ : .

— 22. Helgocystis (Pourtalesia) carinata, valve of globiferous pedicellaria, from the inside. (Comp.

Fig. 16). to/,.
_

.

—
23. Pourtalesia Wandeli, valve of rostrate pedicellaria;, side view. (Comp. Fig. 19.) 7%.

—
24. Echinosigra (Pourtalesia) paradoxa, tridentate pedicellaria. 7°/j.

—
25.

— — —
sphseridia.

I2
5/i-

— 26. Pourtalesia rosea, ophieephalous pedicellaria.
7
"

,.

—
27. Echinosigra (Pourtalesia) paradoxa, valve of rostrate pedicellaria, from the iuside. I2

5/j.

— 28. — — — — - — side view. I2
5/j.

—
29.

— — tridentate pedicellaria. 7°/,.

—
30. Pourtalesia Jeffreysi, valve of rostrate pedicellaria, side view. (Comp. Fig. 10). 7°/,.

—
31.

—
hispida,

— - tridentate — " 5
ji-

—
32. Echinosigra (Pourtalesia) paradoxa, ophieephalous pedicellaria. 7°/,.

—
33. Pourtalesia laguncula, valve of tridentate pedicellaria. 7°/,.

—
34.

— Wandeli, primary spine, from the invagination, nearer the edge. (Comp. Fig. 20).

—
35. Pourtalesia Wandeli, — from the actinal plastron.

l8
/ [ .

36.
— the point of a primary abaetinal spine. 3°/

/I-

—
37.

— miliary spine, front view. (Comp. Fig. 41).
I2

5/ : .

—
38. Helgocystis (Pourtalesia) carinata, miliary spine. +%.—
39.

— — valve of rostrate pedicellaria. 70/,.

—
40. Pourtalesia Wandeli, tridentate pedicellaria.

I2
S/i.

-
41. miliary spine, side view. (Comp. Fig. 2,7)-

I25A-

—
42. Echinosigra (Pourtalesia) paradoxa, clavula. 7°/^

—
43.

— — miliary spine.
I2

5/ x .

—
44.

— — primary abaetinal spine. 35/j.
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Plate XII.
4, 6, 9, i8— 20, 22, 23, 26, 27, 29—31 Echinocyamus pusillus. 1, 3, 5, S, 10—16, 21, 25, 28 Ech. grandiporits. 2, 7, 17, 24

£c^. macrostomus.

Fig. 1

— 2

—
3

— 4
—

5

— 6

9

10,

11

12

!3

14

15

16

17

1

19.

20.

21

22

23

24

25

26

27

28,

29.

3°.

31

Echinocyamtis grandiporus, actinal side. 6
-5/i-

macrostomus, ophicephalous pedicellaria. 325/^.

—
grandiporus, actinal part of the test, from the inside. ?/,.

—
pusillus, ophicephalons pedicellaria. 37/ I#

—
grandiporus, abactinal side. 6-

-Vi-

—
pusillus, head of ophicephalons pedicellaria.

32
5/t.

— macrostomus, triphyllons pedicellaria.
2

4°/j.

grandiporus, valve of ophicephalous pedicellaria, (the two other valves of the

same pedicellaria are represented in Figs. 11 and 12). m/x.

—
pusillus, endcrown of miliary spine, from above. 32S/X.

—
grandiporus,

— - — — — — 325
/i.

valve of ophicephalous pedicellaria. (Comp. Figs. 8 and 12.) 3*s/lM

- -
(
— - 8 -

II.) 3*5/,.

— —
ophicephalous pedicellaria. 325/;.

— part of the test, showing the glassy protuberances among the spine-

bearing tubercles. 5°/,.

— — primary spine. 5°/^.

— —
miliary

— I?s
/v

— macrostonms, young specimen, abactinal side. 8
/i-

—
pusillus, miliary spine. '75/,.

— — primary
—

5°/j.

— — valve of triphyllous pedicellaria. 3*5/,.

— grandiporus, valve of triphyllous pedicellaria. 325/,.

pusillus, part of the test, showing the glassy protuberance between the pores

of the petals. 5°/^,

— — valve of tridentate pedicellaria. 3*5/^,

— macrostoinns, actinal side. 8
/ I .

—
grandiporus, valve of tridentate pedicellaria. 325/^.

pusillus, part of the actinal side of the test, showing the two large buccal pores

and groups of small pores.
37

/j.

— — actinal side. 6
/ 1 .

— grandiporus, tridentate pedicellaria. ^s/j.

pusillus, actinal part of the test, from the inside.
7/,.

— — tridentate pedicellaria.
I2

5/,.

— — abactinal side. 6
/1 .

In the figures 1, 5, 17, 24, 16 aud 31 the small pores are made somewhat more conspicuous

than they are in nature.
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Plate XIII.

Fig. i. Brisaster (Schizaster) fragilis, 3
m,n

. Abactinal side. The number of plates in the paired ambu-

lacra could not be made out with certainty.
i

s/x .

— 2. — 2mm . Abactinal side. The number of plates in the paired ambu-

lacra not quite certain, likewise the upper plates of the paired

interambulacra and the plates of the anal area a little uncertain.

20/
/I'

—
3.

— —
2'5

mm
. Abactinal side. l

7/z .

—
4.

— — — 2mm . Actinal side. The plates of the three anterior ambulacra

are a little uncertain. 20
/ : .

—
5.

—
3-8

mm
. Abactinal side. The number of plates in the paired am-

bulacra not quite certain. l

3/z .

— 6. — —
4'5""

n
. Actinal side. l

3/lm

—
7.

— — — Side view. '3/^

— 8. — — — Abactinal side. ^/j.

—
9.

— —
3
mm

. Side view. l

$/j.

— 10. —
5'5

mm
- Abactinal side. II

/I .

— 11. — — 6-6mm . Actinal side. 9/ r .

— 12. — — Abactinal side. 9/ x .

—
13- 7'5

mm
- 7i-

—
14.

—
9
mm

.
— 6

/i-

—
15. n""n

.
— 5

/i-

— 16— 20. — — Abactinal side. 3-s/ : .
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Plate XIV.
3, 7, ii, 13

—
16, 18, 20, 24, 25, 31, 37, 39, 43, 46, 50, 51 Brisaster fragilis. 33, 42, 4S Br. capcnsis. 9, 19, 22, 26, 34, 40, 41, 45

Schizaster canaliferus. 2, 12, 17, 23, 27, 32, 49 Sell, orbignyanus. 10 Sch. Edivardsi. 30, 38 Schizaster 11. sp. (?) 6, 9, 2S, 35, 44, 47
Periasler limicola. 4, 5, 21 *P limicola • (Arafura Sea, 'Challenger >).

Fig. i. '.Periasler limicola^ («Challenger •,
Arafura Sea). Globiferous pedicellaria. 5°/,.— 2. Schizaster orbignyanus, valve of globiferous pedicellaria. (Comp. Fig. 32). 37/,.—

3.
Brisaster (Schizaster) fragilis, valve of small tridentate (? rostrate) pedicellaria. 7%.

4. « Per/aster limicola?- (^Challenger -,
Arafura Sea), valve of globiferous pedicellaria. 7%.—

5.
— —

ophicephalous pedicellaria. 7°/i.— 6. Periasler limicola, valve of globiferous pedicellaria. 7°/,.

7. Brisaster (Schizaster) fragilis, valve of small tridentate (? rostrate) pedicellaria. 70/,.— 8. Schizaster canaliferus, valve of globiferous pedicellaria. (Comp. Fig. 40). 37/,.—
9. Periasler limicola, globiferous pedicellaria. 35/,.— 10. Schizaster Edivardsi, valve of tridentate (? rostrate) pedicellaria. 70/,,— 11. Brisaster (Schizaster) fragilis, valve of rostrate pedicellaria. 70/,.— 12. Schizaster orbignyanus, valve of tridentate pedicellaria. so/,.—
13 a. b. Brisaster (Schizaster) fragilis, spicules of tube-foot. I2

s/,.—
14.

— — valve of globiferous pedicellaria, from the inside. (Comp.
Fig. 16). so/,.—

15.
— — — rostrate pedicellaria. 37/,.— 16. — valve of globiferous pedicellaria, side view. (Comp. Fig. 14).

7%-—
17. Schizaster orbignyanus, valve of tridentate pedicellaria. 70/,.— 18. Brisaster (Schizaster) fragilis, valve of tridentate pedicellaria. 37/,.—
19. Schizaster canaliferus,

— - small rostrate pedicellaria. 7°/,.— 20. Brisaster (Schizaster) fragilis,
— - — tridentate —

7°/,.— 21. c.Pcriaster li/uieola» (« Challengers, Arafura Sea), valve of tridentate pedicellaria. 70/,.— 22. Schizaster canaliferus, valve of tridentate pedicellaria. so/,.—
23. orbignyanus,

— - rostrate
37/,.—

24. Brisaster (Schizaster) fragilis, valve of globiferous pedicellaria, abnormally ending in two teeth,
from the inside.

7°/,.—
25.

— — — valve of tridentate pedicellaria. 37/,.— 26. Schizaster canaliferus, valve of rostrate pedicellaria. 5°/,.—
27 a. b. — orbignyanus, spicules from tube-foot.

'75/,.— 28. Periasler limicola, valve of tridentate pedicellaria. 7°/,.—
29. Schizaster orbignyanus, stalk of globiferous pedicellaria. 37/,.—
30. n. sp. (?), valve of rostrate pedicellaria. so/,.—
31. Brisaster (Schizaster) fragilis, valve of triphyllous pedicellaria. '75/,.—
32. Schizaster orbignyanus, terminal opening of the valve of globiferous pedicellaria. (Comp. Fig. 2). 7°/,.—
33. Brisaster (Schizaster) capcnsis, valve of small tridentate pedicellaria. 37/,.—
34. Schizaster canaliferus, spicules from tube-foot. I

75/I .

—
35. Periasler limicola, valve of tridentate pedicellaria. 70/,.—
36. iPeriaster limicola» («Challenger ,

Arafura Sea), valve of ophicephalous pedicellaria.
x

75/,.—
37. Brisaster (Schizaster) fragilis, valve of tridentate pedicellaria. 37/,.—
38 a-c. Schizaster 11. sp. (?), spicules from tube-foot. '75/,.—
39. Brisaster (Schizaster) fragilis, valve of ophicephalous pedicellaria.

r

75/,.—
40. Schizaster canaliferus, terminal opening of valve of globiferous pedicellaria. (Comp. Fig. 8). 70/,.—
41. valve of small tridentate pedicellaria. so/,.—
42. Brisaster (Schizaster) capcnsis (type specimen), valve of tridentate (? rostrate) pedicellaria. 7°/,.—
43.

—
fragilis, rostrate pedicellaria. 37/,.—

44. Periasler limicola, valve of large tridentate pedicellaria. so/,.—
45. Schizaster canaliferus, valve of large tridentate pedicellaria. so/,.—
46. Brisaster (Schizaster) fragilis, valve of tridentate pedicellaria. 37/,.—
47. Periaster limicola, large tridentate pedicellaria.

2
5/,.—

48. Brisaster (Schizaster) cafensis, valve of large tridentate pedicellaria. 37/,.—
49. Schizaster orbignyanus, valve of rostrate pedicellaria. s°/,.—
50. Brisaster (Schizaster) fragilis, valve of large tridentate pedicellaria. 37/,.—
51.

— —
globiferous pedicellaria. 37/,.
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Plate XV.
i, 2, 5, 8, 13, 19—21, 29, 37, 40, 43, 52 Acropsis rosirata. 6, 12, 27, 34 A. fnlva. 10, 14, 15, 22, 25, 32, 36, 39, 41, 51

Accslc belltdifera. 9, 16—18, 24, 26, 30, 31, 35, 3S, 44, 45, 47, 48, 50 Hcmiasler expeigitus. 42, 46 II. gibbosus. 3, 7, 11 i.H«. zonatus
4, 33, 49 H. tenuis. 23, 28 «.H.-a florigerus.

Fig. i. Aeropsis rostrata, rostrate pedicellaria. s°L.— 2. — valve of tridentate pedicellaria. 5<y i#—
3.

i.IIniiiastcr zonatus (Challenger', St. 126), valve of globiferous pedicellaria; side view. (Com p.

Fig. 7)-
5%-—

4. Hemiaster tenuis, valve of tridentate pedicellaria. $°/i.—
5. Acropsis rostrata, frontal tnbe-foot.

'"/j.— 6. — fulva (« Challenger*, St. 191), valve of tridentate pedicellaria.
5

/ : .—
7. 'iHcmiasteri> sonatas (« Challenger », St. 126), valve of globiferous pedicellaria, from the inside.

(Comp. Fig. 3). so/p— 8. Aeropsis rosirata, valve of tridentate pedicellaria. 5°/j.—
9. Hemiaster expergitus, rostrate pedicellaria. 5°/j.

- 10. Aceste bellidifera, rosette plate, proximal part, in side view. 1

vj1 . (Comp. Fig. 39).— 11. «Hemiaster* zonatus, valve of rostrate pedicellaria. 7<y i#— 12. Aeropsis fulva (« Challenger •>,
St. 191), valve of small tridentate pedicellaria.

I2
5/ t .—

13.
— rostrata, valve of rostrate pedicellaria. 7°/j.—

14. Aceste bellidifera,
— - globiferous

—
5°/ r .

—
15.

— — — rostrate —
5%.— 16. Hemiaster expergitus, valve of rostrate pedicellaria. 5%.—

17.
— — - small tridentate pedicellaria.

I2
S/j.— 18. — — — - rostrate pedicellaria. 5%.—

19. Acropsis rostrata, rosette plate, outer end, from below.
5°/j.— 20. — — — proximal end, from below. I2

5/x .— 3i. — valve of tridentate pedicellaria. 5°/^— 22. Aceste bellidifera,
— - — —

5°/j.—
23. «Hemiaster * florigerus (type specimen), valve of tridentate pedicellaria.

I2
5/lm—

24. Hemiaster expergitus (Talisman ),
valve of globiferous pedicellaria. so/j,—

25. Aceste bellidifera, valve of tridentate pedicellaria. 5%.— 26. Hemiaster expergitus, valve of tridentate pedicellaria.
I2

5/ t .—
27. Aeropsis fulva (« Challenger >, St. 191), valve of tridentate pedicellaria. ?%.— 28. <s.Hemiastcn> florigerus (type specimen), spicule from tube-foot. '75/j.—
29. Aeropsis rosirata, valve of small tridentate pedicellaria. 7

/ : .—
30. Hemiaster expergitus, valve of small tridentate pedicellaria.

t2
S/I .—

31.
— — — - ophicephalous — I2

s/i.—
32. Aceste bellidifera,

— - rostrate —
so^.—

33. Hemiaster tenuis, — -
globiferous

— 5°/
x .—

34. Aeropsis fulva (^Albatross., St. 3393), valve of rostrate pedicellaria. •; ,.—
35. Hemiaster expergitus, valve of triphyllous pedicellaria. '75/j.—
36. Aceste bellidifera, valve of small tridentate (? rostrate) pedicellaria.

I2
5/j.—

37. Aeropsis rostrata, — -
triphyllous pedicellaria.

I2
5/i-—

38. Hemiaster expergitus, spicule from tube-foot. '75/^—
39. Aceste bellidifera, rosette plate, inner part, from below. (Comp. Fig. 10).

1

^°/ 1 .—
40 a. b. Aeropsis rostrata, spicules from tube-foot. 7°/,.—
41. Aceste bellidifera, spicule from tube-foot. '+%.—
42. Hemiaster gibbosus, tridentate pedicellaria. 7°/j.—
43. Aeropsis rostrata, miliary spine, with ampulla*, so/j.—
44. Hemiaster expergitus, primary spine, from the anterior end of the test, side view. 35/j.—
45.

— — small tridentate pedicellaria. 7°/ x .—
46.

—
gibbosus, valve of globiferous pedicellaria. 5°/,.—

47. expergitus, globiferous pedicellaria. 5°/j.—
48.

— — valve of globiferous pedicellaria. 5°/^—
49. tenuis, small tridentate pedicellaria; (the skin dark coloured). 5°/j.—
50.

—
expergitus, primary spine, from the actinal plastron. 35/I#—

51. Aceste bellidifera, valve of tridentate pedicellaria. "S/r.—
52. Aeropsis rostrata, tridentate pedicellaria. 37/j.
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Plate XVI.
i, 2, 5—10, 22, 24, 25, 27, 29, 31, 32, 34 Spatangns purpureas. 17, 23, 28 S/tfA Raschi. 11, 19 5/W. a//«j f? Liitkeni).

•2 4 ( !j ig, 20, 30, 33 Macropneustes spatangoides. 12 Echinocardium capense. 16 £<r^. mediterraneum. iS Ech. pennatifidum.
21 £<r^. cordaium. 26 .£<:/;. flavescens.

Fig. i. Spatangus purpureus, valve of large tridentate pedieellaria, side view. (Comp. Fig. 9). ?%•

— 2.
— —

triphyllous pedieellaria. ^/^
—

3. Macropneustes spatangoides («Challenger», St. 33), valve of short tridentate pedieellaria. 5%.

—
4.

— — — — — - ophicephalous
—

?%.

—
5. Spatangus purpureas, ophicephalous pedieellaria. 7°^.

— 6. — — valve of ophicephalous pedieellaria.
l

7Sjx .

—
7.

— — — - short tridentate —
7%.

— 8. — — short tridentate pedieellaria. 37/r .

—
9.

— — valve of large tridentate pedieellaria, from the inside. (Comp. Fig. 1). 7%-

— 10. Spatangus purpureas, — - short — side view. r

+%-

— 11. — altus (Liitkeni!), valve of short tridentate pedieellaria. ?%.

— 12. Echinocardium capense,
— -

triphyllous
— 24%.

—
13. Macropneustes spatangoides (« Challengers, St. 33), valve of short tridentate pedieellaria. 37/z .

—
14.

— —
(<,Albatross», St. 2655),

— - — —
5°/p

—
15.

— —
(« Challenger*, St. 33),

— - —
triphyllous '75/,.

— 16. Echinocardium mediterraneum, valve of triphyllous pedieellaria.
24

/,.

—
17. Spatangus Raschi, valve of short tridentate pedieellaria. ?%.

— 18. Ecliinocardium pennatifidum, valve of triphyllous pedieellaria.
2
4°/

1
.

—
19. Spatangus altus (Lutkenil), valve of short tridentate pedieellaria. ?%.

— 20. Macropneustes spatangoides (« Challengers, St. 33), valve of large tridentate pedieellaria. 37/x .

— 21. Echinocardium cordatum, valve of triphyllous pedieellaria.
24

/ t .

— 22. Spatangus purpureus,
— - — — I2

S/r.

—
23.

— Raschi, — - tridentate —
so/j.

—
24.

— purpureus, subanal area of a specimen 4"™ in diameter. 'S/j.

—
25.

— — valve of tridentate pedieellaria. 7<y i#

— 26. Ecliinocardium flavescens, valve of triphyllous pedieellaria.
2
4°/I .

—
27. Spatangus purpureus, valve of small tridentate pedieellaria.

I

*°/ I .

— 28. — Raschi, — - large tridentate —
7%-

—
29.

— purpureus, specimen 4
m,D

long, aetinal side. r
5/T.

—
30. Macropneustes spatangoides (« Challenger*, St. 33), tridentate pedieellaria. 35/j.

—
31. Spatangus purpureus, specimen \

mm
long, side view.

'5/j.

—
32.

— — subanal area of a specimen 9
mm in diameter. 8

/i-

—
33. Macropneustes spatangoides (« Challengers, St. 33), large tridentate pedieellaria. 3%.

—
34. Spatangus purpureus, specimen 4

mm
long, abactinal side. '5^.
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Plate XVII.
15, 21— 23, 30, 34, 37, 3S, 43, 4S, 49 Echinocardium cot-datum. 4, 7, S, 10, ir, 17, 27, 31, 40, 41, 45, 50 Ech. flavescens. 5, 6, 9, 13,

J 6, 35, 39 Ech. capensc. 1, 18, 20, 24—26, 28, 29, 32, 33, 42, 44 Ech. penuatifidum. 2, 3, 12, 19, 47, 51, 52 Ech. mediterraneum.

14, 36, 46 Ech. intermedium.

Fig. 1

— 2
—

3— 4—
5>

6.—
7— 8,

—
9— 10— 11— 12

— J3—
14—
15— 16—
17— 18.

— J9— 20.— 21

— 22— 23— 24—
25— 26—
27

- 28.—
29.—
3°

-
3 1

—
32—
33—
34—
35

-3&—
37—
38

-
39—
40.—
4i—
42

-
43— 44—
45

-46.
-
47—
48.

-
49—
5°—
5 1

—
52

Echinocardium pennatifidum, tridentate pedicellaria.
2

5/,.

mediterraneum, valve of tridentate pedicellaria. 7°/,.— — — - rostrate —
5<y,.

flavescens,
— -

globiferous side view. (Comp. Fig. 10). 7°/,.

capensc. valve of small tridentate pedicellaria. (Comp. Figs. 35, 39). 7°/j.

flavescens, —

capensc,
—

flavescens. —

rostrate
-

ophicephalous

- small rostrate

globiferous

(Comp Fig. 16). 7%.
'75/,.

side view. r

75/,.
7%-
from the inside. (Cmp. Fig. 4). 7°/,.

7%.
5%

/i-

— — - small tridentate —
mediterraneum, valve of globiferous pedicellaria,

capense,
— - small tridentate —

intermedium, tridentate pedicellaria. 35/,.

cordatum, valve of rostrate pedicellaria. 7%.
capense,

— - —
(Comp. Fig. 6). 7°/,.

flavescens, — - — side view. (Comp. Fig. 40). 7°/,.

pennatifidum, valve of globiferous pedicellaria, side view. (Comp. Fig. 29)
7°

mediterraneum. -

pennatifidum,
cordatum.

small tridentate

rostrate

7i-

37A

cordatum.

capense,
intermedium,
cordatum.

7°/ I

(Comp. Figs. 28, 32). 5%.
(Comp. Fig. 34). Specimen from

0resund. 7°/,.

tridentate (Mediterranean). 7°/,.— -
v/x.— — 37

/i-— — side view. (Comp. Fig. 26).

fr. the inside. (Cmp. Fig. 25). 37/,.

37/,. («M. Sars»).

(Comp. Figs. 20, 32). 37/j.

fr. the inside. (Cmp. Fig. 18). 37/,.

37/:.

bi-
valve of rostrate pedicellaria. (Comp. Figs. 20, 28). 5%.

tridentate —
5°/,.

rostrate (Comp. Fig. 21). 7°/,. (Naples),
small tridentate pedicellaria. (Comp. Figs. 5, 39). 7°/,.

pennatifidum, -

flavescens, — - —
pennatifidum, — - rostrate— — - globiferous
cordatum (Tamaris), valve of tridentate pedicellaria.
flavescens, valve of tridentate pedicellaria. (Bergen).
penuatifidum

- rostrate
-

globiferous— - rostrate

capense,
— - small tridentate —

flavescens, — - rostrate —
large tridentate pedicellaria. 37/,.

pennatifidum, tridentate —
37/,.

cordatum. valve of tridentate pedicellaria. 37/,.

penuatifidum, rostrate pedicellaria. 37/,.

flavescens, globiferous 35/,.

intermedium, valve of rostrate pedicellaria. 7°/,.

(Tamaris). 70/,

y°/,

7%.
(Comp. Figs. 5, 35). 70/,.

(Comp. Fig. 17). 70/,.

mediterraneum. globiferous pedicellaria.
cordatum, valve of tridentate pedicellaria.

globiferous pedicellaria. 35/,.

flavescens, rostrate —
so/,.

mediterraneum, clavula.
5°/,.

rostrate pedicellaria. 35/,.

37/,
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Plate XVIII.
i, 6, 12, 18, 25, 26 Brissopsis lyrifera. 3, 23 var. capensis. 7, 8, 14 <tBr. lyrifera*, Simon's Bay, <Challenger». 4, 11, 22, 27, 29

j5n tf/fo. 5, g, 10, 13, 19, 20, 24 Br. allantica. 2, 15—17, 21, 28 Sj-. elongata.

Fig. i. Brissopsis lyrifcra, valve of globiferous pedicellaria, side view. (Comp. Fig. 25).
5%.

— 2. —
elongata,

— -
ophicephalous

—
^s/j.

—
3.

—
lyrifcra, var. capensis, valve of globiferous pedicellaria. 5<y t .

—
4.

— alia, valve of triphyllous pedicellaria.
1

7S/I.

—
5.

— allantica, globiferous pedicellaria, short form.
37/,.

— 6. —
lyrifera (Mediterranean), valve of globiferous pedicellaria. ?%.

—
7. «lyrifera» (Simon's Bay, «Challenger»), valve of ophicephalous pedicellaria. (Comp.

Figs. 8, 14). 175/,.

— 8. —
«dyrifera-i> (

— — — — - — — side view

(Comp. Figs. 7, 14). '75/,.

—
9. allantica, valve of globiferous pedicellaria, short form. (Comp. Fig. 19). s°/ s .

— 10. — — - ophicephalous
— I?5

/i-

— 11. — alia, — -
triphyllous

— (Comp. Fig. 4).
:

75/,.

— 12. —
lyrifera,

— - — — I

75/i-

—
13. allantica (?, young specimen, Gulf Stream), valve of ophicephalous pedicellaria.

l

^/Im

—
14. dy.rifera» (Simon's Bay, (Challenger >),

valve of ophicephalous pedicellaria. (Comp.

Figs. 7,8). '75/,.

—
15.

—
elongata, valve of globiferous pedicellaria. (Comp. Fig. 21). 5°/ t .

— 16. — —
spicules from tube-foot. '75/,.

—
17.

— —
rosette-plate of frontal tube-foot. "S/j.

— 18. —
lyrifera, spicules from tube-foot.

"75/,.

—
19.

— allantica, valve of globiferous pedicellaria, short form. (Comp. Fig. 9). 5°/ t .

— 20. — —
globiferous pedicellaria, slender form.

4°/i.

— 21. elongata, valve of globiferous pedicellaria. (Comp. Fig. 15).
5%.

— 22. — alia, sphceridia. ^s/,.

—
23.

—
lyrifera, var. capensis, upper end of stalk of globiferous pedicellaria. 37/,.

—
24.

— allantica, valve of globiferous pedicellaria, elongate form, s
/^

—
25. lyrifera,

— - — — (Comp. Fig. 1). so/j.

— 26. — —
globiferous pedicellaria.

2
%-

—
27.

— alia, — —
37/,.

—
28,

—
elongata,

— —
37/,.

—
29.

— alia, valve of globiferous pedicellaria. 7"/,.
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Plate XIX.
3, 6, 10, 15, 18—21, 29, 34 Brissopsis lyrifera. 2, 9 var. capensis. 7, 24, 26, 27 5r. alta. 1, 4, 5, 8, 11, 13, 14, 16, 22, 23, 25, 28

30—33 Br. atlantica. 12, 17 By. elongata.

Fig. 1

— 2

3

— 4
—

5'

— 6.

—
7

— 8

9
— 10.

— 11

— 12

- r3
—

14

— J 5

— 16,

—
i7

— 18,

-

*9

— 20.

— 21

— 22

—
23

-
24.

—
25.

— 26

—
27,

— 28

"
29

-
3°'

-
3 1

—
32

—
33

— 34

Brissopsis atlantica, tridentate pedicellaria. 5°^.

—
lyrifera, var. capensis, valve of tridentate pedicellaria. ?%.

— valve of tridentate pedicellaria. 37/,.

— atlantica, — - rostrate 5%.
— — - — — larger form, side view. 5"/,.

—
lyrifera, small, rostrate pedicellaria. (Comp. Fig. 34). 37/,.

— alta, valve of 5%.
— atlantica (?), (.Talisman*) valve of rostrate pedicellaria. 5°/,.

—
lyrifera, var. capensis, valve of small rostrate pedicellaria. '75/^

— — valve of tridentate pedicellaria. ?%.

— atlantica. tridentate pedicellaria. 37/,.

— elongata, valve of tridentate pedicellaria. so/,.

— atlantica (?) («Talisman»), valve of tridentate pedicellaria. 7%.
—

(?), valve of 8-valved « tridentate 7%. (Comp. Figs. 22, 30).

lyrifera (Mediterranean), valve of rostrate pedicellaria, side view. (Comp. Fig. 21).
5%-

— atlantica (?) (Talisman ),
— - small rostrate pedicellaria. 7°/,.

— elongata, valve of rostrate pedicellaria. ^s/j.

—
lyrifera,

— - — — 7%.
_ — — - small tridentate pedicellaria. '75/,.

— — (Mediterranean), valve of rostrate pedicellaria. 37/,.

— - - (Comp. Fig. 15). so/,.

atlantica
(?),

valve of 8-valved «tridentate» pedicellaria. (Comp. Figs. 14, 30). ?<>/,.

— —
(?) (, Talisman;), valve of rostrate pedicellaria. 5°/,.

— alta, valve of tridentate pedicellaria. 7°/,.

— atlantica, valve of small rostrate (?) pedicellaria. 7°/,.

— alta, valve of tridentate pedicellaria. 7°/,.

— — tridentate pedicellaria, fourvalved. 7°/,.

atlantica, valve of tridentate pedicellaria. 5%.

lyrifera,
— - — — 37

/i-

— atlantica
(?),

8-valved «tridentate» pedicellaria. 5°/,.

_ _
(?) (Talisman--), valve of tridentate pedicellaria. so/,.

— — valve of tridentate pedicellaria. 5°/,.

5%-
—

lyrifera, rostrate pedicellaria. 37/,.
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Brissopsis lurifem (ForhJ, capensis n.var., alia n.sp., atlaniica n.sp.. elongata n.sp.





THE INGOLF-EXPEDITION
1895— 1896.

THE LOCALITIES, DEPTHS, AND BOTTOMTEMPERATURES OF THE STATIONS.

Station

Xr.
Lat. X. Long.W.

Depth
in

Danish

fathoms

Bottom-

temp.

Station

Xr.
Lat. X. Long. \V.

Depth
in

Danish

fathoms

Bottom-

temp

Station

Nr.
Lat. N. Long.W,

Depth
in Bottom -

Danish temp,
fathoms

I

2

3

4

5

6

7

S

9

io

II

12

13

14

15

16

17

iS

19

20

21

22

23

62=30'

63° 04

63° 35'

64° 07'

64° 40'

63° 43'

63 13'

63° 56'

64° iS'

64° 24

64° 34'

64° 38'

64° 47'

64° 45'

66° 18'

6.5
:

43'

62 :

49'

6i°44'

60° 29'

58° 20'

58° Ol'

58° 10'

60° 43'

S°2I

9° 22*

10° 24'

11° 12

12° 09'

14° 34

15° 41

24° 40'

27° 00

2.8° 5o'

31° 12

32°.

34 33

35° 05

25° 59'

26° 58'

26° 55'

30° 29'

34° 14'

40° 48'

44° 45

4S°25

56° 00'

132

262

272

237

155

90

600

136

295

7S8

1300

1040

622.

176

330

250

745

"35

1566

1695

1330

1845

Only ihe

Plankiou-Net

used

72

5°3

o°5

2°5

7°o

4°5

6°o

5°S

3°5

i°6

o°3

3°o

4°4

-o°75

6°i

3°4

3 °o

2°4

i°S

2°4

i°4

24

25

26

27

28

29

30

3i

32

33

34

35

36

37

38

39

40

4'

42

43

44

63° 06'

63° 30

63° 51

63° 57

64° 37'

64° 54'

65° 14'

65° 34'

66° 50'

66° 35

66° 35'

67° 57'

65° 17

65° 16

61° 50'

6o° 17

59° I2

62° 00'

62° 00'

61°

61

39

'41

61° 42'

6i°42
-

56° 00



Station

Nr.



/



THE DANISH INGOLF-EXPEDITION.

HITHERTO PUBLISHED:

1899. Vol. I, Part I. 1. Report of the Voyage by C. F. Wandel (1 plate)

2. Hydrography by Martin Knudsen (34 plates)

1900.
— Part II. 3. The deposits of the sea-bottom by O. B. Bocggild (7 charts)

4. Current-bottles by C. F. Wandel (1 plate)

1899. Vol. II, Part I. The ichthyologieal results by C/ir. Liltken (4 plates)

1899.
— Part II. On the Appendices genitales (Claspers) in the Greenland-Shark, Som-

niosus microcephalus (Bl. Schn.), and other Selachians by Hector F. E.

Juugersen (6 plates) .'

1900.
— Part III. Nudibranchiate Gasteropoda by R. Bcrgh (5 plates)

1904.
— Part IV. The North-European and Greenland Eycodinse by Adolf Severin

Jensen (
10 plates)

1899. Vol. Ill, Part I. Pycuogonidae by Fr. Meinert (5 plates)

1903. Vol. IV, Part I. Echinoidea, Part I, by 77/. & tortensen (21 plates)

1907. Part II. Echinoidea, Part II, by 77/. Mortensen (19 plates)

1904. Vol. V, Part I. Penuatulida by Hector /•". E.Jungersen (3 plates)

1902. Vol. VI, Part I. Porifera (Part 1), Homorrhaphida; and Heterorrhaphida; by Will,

Lundbeck (19 plates)

1905. Part II. Porifera (Part 2), Desmacidouidae (Pars) by 11711. Lundbeck (20 plates)

Kr. 25,00

8,00

13,00

4,75

9,75

6,00

20,00

20,00

6,50

17,00

20,50

UNDER PREPARATION

Vol. Ill, Part II. Crustacea Malacostraca, I: Decapoda, Euphausiacea, Mysidaeea by

II. /. Hansen.






